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MINUTES 



OPENING OF THE CONVENTION 



The association met in the International Hotel 
Parlors. Tuesday, June 8th, 1897, and the meeting 
was called to order at 10.45 ^' "^- ^^Y ^he president. 
Frederic Nicholls. who said: 

**The members are rather slow in assembling. I 
call the meeting to order without any unnecessary 
delay. We intend to try to conduct the proceedings 
of the convention in a business-like manner, and I 
think that if the members do not attend promptly 
we had better go on with the work of the conven- 
tion. I see our first vice-president. Mr. Clay, is 
present, and I would ask him to support me on the 
platform. Judge Armstrong, one of our valued 
ex-presidents, is here, I am glad to say ; I also saw 
Mr. Ayer somewhere about, but I do not know 
whether he is in the hall or not. I should like to 
see these gentlemen on the platform.** 



ANNOUNCEMENTS 



The President : We have been favored with a 
number of letters of invitation to visit the various 
industries that are being operated by Niagara power, 
and I will read them in their rotation. 

The president read the following letters : 

** Niagara Falls, N. Y., April 27th, 1897. 

** Frederic Nicholls, 

'* President The National Electric Light Association, 

** Toronto, Ontario. 

** Dear Sir : As our city has been favored by 
being selected by your association as the place at 
which it is to hold its annual convention this year, 
and as the power development here may be of interest 
to at least some of the members of your association, 
it affords the Niagara Falls Power Company great 
pleasure to extend to you and, through you, to the 
members of your association a cordial invitation to 
visit its plant and power-house at the time of your 
convention here, June 8th, 9th and loth. Should 
the members of your association desire to visit the 
power-house in a body, we shall esteem it a great 
favor if you will kindly advise us in advance of the 
day and hour which will best suit your convenience. 

" Very truly yours, 

'' L. A. Groat, 

** Secretary." 
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''Niagara Falls, N. Y., April 20th, 1897. 

•* Frederic Nicholls, Esq., 

*• President National Electric Light Association. 

*• New York City. 

*• Dear Sir : We shall be pleased to have you 
and the members of your association visit our power- 
house, or other institutions located on our property, 
during your convention to be held in our city June 
8th, 9th and loth next. 

** Yours truly. 

** Niagara Falls Hydraulic Power and Manu- 
facturing Company, 

** By A. SCHOELLKOPF, 

** Secretary and Treasurer." 



** Buffalo, N. V., May nth, 1897. 

** George F. Porter, 

'* Secretary National Electric Light Association. 

** New York. 

•* Dear Sir : I note with much pleasure thai 
your association is to hold its next convention at 
Niagara Falls June 8th, 9th and loih. We are 
pleased to extend* to you the courtesies of our com- 
pany, and shall be pleased to have your members 
visit our station at anv and all times. I am, 

** Respectfully yours, 

**Ge(). I'rban. Jr.. 

** President.'* 
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** Niagara Falls, N. Y., May 15th, 1897. 

'*Mr.. Geo. F. Porter, 

*' Secretary National Electric Light Association, 

**New York. 

** Dear Sir: We are pleased to extend herewith 
invitation to the delegates who will attend the 
twentieth convention of the National Electric Light 
Association, to be held in this city June 8th, 9th and 
loth, to visit our works at that time. 

** We shall deem it a favor if you can advise us 
two or three days in advance on what date you will 
make it convenient to see us, and we shall use our 
best endeavors to have matters so arranged as to 
conveniently take care of the visitors. 

** Yours very truly, 
'*TnE Carborundum Company, 

**W. H. A." 



''New York, May 28th, 1897. 

** George F. Porter, Esq., 

*' Secretary and Treasurer National Electric Light 
Association, 

*' 136 Liberty street. New York, N. Y. 

'* Dear Sir : On behalf of this company, I take 
pleasure in tendering to the members of your associ- 
ation attending your annual convention at Niagara 
Falls, N. Y.. on June 8th, 9th and loth, 1897, free 
service over our long-distance telephone lines before 
9 a. m. and after 6 p. m. 

** Yours truly, 

*' Edw. J. Hall, 
*' Vice-President and General Manager." 
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"New York, June 4th, 1897. 

•*Mr. Frederic Nicholls, 

** National Electric Light Association, 

**i36 Liberty Street, New York City. 

** Dear Sir: I am instructed by Mr. Montgomery 
Maze, manager of the Grand Central Palace, to 
extend to your association an invitation to meet in 
this building next year, in case you decide to hold 
your next meeting in this city, and if it shall seem 
best for you to meet elsewhere, the invitation will 
stand until such time as you decide to meet in New 
York. 

"All the accommodations of the building, which 
most of your members are familiar with, will be at 
your disposal without cost to your association, and 
whatever assistance we can give you to make your 
meeting a successful one. will be cheerfully extended. 

'* B. E. Greene, 

"Rental Agent." 

The following letters of regret were also read : 

"Cornell University, ) 

Ithaca, N. Y.. May 17th, 1897. f 

" George F. Porter, Esq., 

"136 Liberty Street, New York, N. Y. 

" Dear Sir : Your letter containing an invitation 
to attend the twentieth convention of the associ- 
ation is at hand. It would give me great pleasure to 
be present at the meeting, and unless absolutely pre- 
vented by other engagements I shall endeavor to be 
at hand. 

" Yours very truly, 

" Edw. L. Nichols.'* 
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•'Montreal, May 20th, 1897. 

*'G. F. Porter, Esq., 

" Secretary National Electric Light Association. 

**My Dear Sir: I beg to thank you for your 
very kind invitation to the convention of the Electric 
Light Association, but regret that engagements here, 
and infirmity remaining after illness, must prevent me 
from being present. 

" Truly yours, 

**Wm. Dawson." 



** Montreal, May 17th, 1897. 
'* G. F. Porter, Esq. 

'*My. Dear Sir: I beg to acknowledge with 
many thanks your communication of the 14th instant, 
informing me that the twentieth convention of the 
National Electric Light Association is to be held at 
Niagara Falls on the 8th, 9th and loth of June. It 
would give me very great pleasure to be present, 
especially on the occasion of the president's chair ' 
being occupied by a Canadian who is so much 
esteemed as Mr. F. Nicholls. I fear, however, that 
important business will prevent my leaving Montreal 
at the time set apart for the convention. 

** Trusting that the meeting will be a great 
success, believe me to remain, 

*' Yours truly, 

'* Henry T. Bovey." 



*'The University, Glasgow, July 7th, 1897. 

** For the address which I have had the honor to 
receive from the National Electric Light Association 
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of America, on the occasion of the Jubilee of my 
Professorship of Natural Philosophy in the University 
of Glasgow, I desire to express my warmest thanks. 
I value very highly the great honor which it has con- 
ferred upon me. The friendly appreciation of my 
scientific work contained in the address is most grati- 
fying. 

** I feel deeply touched by the great kindness to 
myself, and the good wishes for my welfare, of which 
it gives expression. 

*' Kelvin." 



The President : I have also a letter from the 
Chamber of Commerce, Nashville, Tenn., which I 
defer reading until the afternoon session. I under- 
stand that a number of gentlemen are here, some 
from Indianapolis, some from Omaha — this is a letter 
from Nashville — and other places, — all for the purpose 
of inviting your association to visit their respective 
cities. I think that this letter is the only one before 
me at this moment, and I will defer it until the 
others are read at the afternoon meeting of the con- 
vention. 

The president then read a letter from VVm. S. 
Aldrich, West Virginia University. 



**West Virginia University, ) 

** MoRGANTOWN, West Va., Junc 4th, 1897. f 

**Mr. Frederic Nicholls, 

*• President National Electric Light Association, 

''Toronto, Canada. 

*• Dear Sir : After the late Hartford meeting of 
the American Society of Mechanical Engineers, I 
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called on some prominent New York parties inter- 
ested in the matter of my paper before that meeting, 
and they suggested that it might be well to bring 
the principal features of the above paper to the 
attention of your National Electric Light Association 
in discussion of the report of the Committee on 
Data. I have received copy of the latter, and here- 
with inclose you copy of my paper alluded to above. 

** I shall endeavor to be present at the coming 
Buflfalo meeting of the National Electric Light Asso- 
ciation by Thursday morning, June loth, 1897. I 
can scarcely be present earlier, on account of our 
annual commencement, which occurs here on the 9th 
instant. 

"If it should be your pleasure, I shall prepare a 
brief outline of my American Society of Mechanical 
Engineers paper, to introduce discussion of report of 
the Committee on Data at that time, advocating the 
extension of the power plant ratings still further 
along the most advanced and most recognized lines 
of engineering development, that it be based on the 
British thermal unit standard, as now in vogue, of 
course, for pumping plants. Believe me, 

'*Very truly yours, 

**Wm. S. Aldrich." 



ADDRESS OF PRESIDENT NICHOLLS 



Members of the National Electric Light Association. 

Gentlemen : In arriving at a decision as to the 
most suitable place at which to hold the twentieth 
convention of the National Electric Light associ- 
ation, the executive committee and your president 
were guided largely by the desire to select a spot 
where our members could have some practical illustra- 
tion of the most recent advances in electrical develop- 
ment as applied to everyday commercial use on an 
extended scale. 

Niagara Falls, New York, appeared to oflfer 
superlative inducements as our place of meeting, 
judged by this standard, and was accordingly given 
the preference ; and with a knowledge of the pro- 
gramme that has been prepared for the instruction of 
our members, and the many interesting features for 
the entertainment of themselves and their friends, I 
am confident that before the close of the convention 
those present .will be unanimously of the opinion 
that our choice was wisely made. 

When we consider that only five years since many 
of us were in attendance at the fifteenth convention 
of the Association, held in Buffalo, and were listening 
to the discussion that followed Dr. Carl Herings 
paper on •* Transmission of Power," even the most 
Anguine of us but little imagined that in half a 
decade we should be holding our twentieth con- 
vention at Niagara Falls principally with the object 
of seeing and realizing the actual application of 
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motive power derived from the falls to some of the 
most novel and most important industries of the 
country. 

To ''harness Niagara" had long been a dream, 
but is now an actuality, and who can foretell the 
resultant progress and advancement that we may be 
destined to celebrate within the next few years. 

There is no parallel in history for such rapid 
development of any industry as that of the manufac- 
ture of electrical apparatus and its application ; or, to 
be strictly correct, and to quote ex-president of the 
association Mr. M. J. Francisco, who is an authority 
on the subject, the only parallel was when the world 
was created in six days out of nothing. Five years 
ago, we were discussing the possibilities of transmit- 
ting power in small units to moderate distances ; 
to-day, the problem is solved, and innumerable installa- 
tions are transmitting power in large quantities for 
long distances, and yet we have only crossed the 
threshold. 

In this connection, I am of the opinion that the 
lecture to be given to-morrow evening by Mr. L. B. 
Stillwell will serve as a tidal mark. At the Buffalo 
convention we occupied ourselves in discussing the 
possibility, or otherwise, of transmitting Niagara 
power to Buffalo ; Mr. StillwelFs paper will set forth 
the various actual applications of Niagara power at 
the present time, including transmission to Buffalo, 
and future presidents of this association will, in all 
probability, refer to his paper and draw comparisons 
when adverting to the strides which will by that time, 
have been made in the wider utilization of this 
mighty power which, for countless ages, has been 
simply running to waste so far as any economic use 
is concerned, and apart from its value as the greatest 
scenic wonder of the world. 



23 

I fully appreciate the honor of presiding at this 
meeting which, for the reasons I have just referred 
to, will be embodied in the annals of the association 
as marking an historic epoch in the advancement of 
the science of electricity as applied to industry, and 
it is, therefore, with more than ordinary satisfaction 
that I am authorized to state that at no previous 
period has this association been so prosperous, shown 
greater vitality, or commanded such respect. It is 
now an acknowledged authority on matters electrical, 
its membership confers a privilege that has more than 
a sentimental value, and its gathering strength will 
offer a bar to the use of powers, municipal or cor- 
porate, unjustly or arbitrarily directed to the purpose 
of destroying the capital investment of those who 
look to it for protection. 

In union is strength, and our membership to-day 
numbers more active members than ever before ; and 
the financial statement to be presented in due course 
by the chairman of the finance committee will show 
that, after making provision for all expenditures 
necessary to maintain the usefulness of the association, 
an unusually large credit balance is at your disposal. 

It is certainly cause for congratulation that increas- 
ing prosperity has been followed by an access of dig- 
nity and influence, and that the more recent 
meetings have been remarkable for the greater interest 
taken in the actual work of the association, and 
the lesser attention given to the merely social and 
entertainment features of the programme. 

The desire to make the twentieth convention 
notably a business meeting has so far predominated 
that we have neither asked nor accepted any favors 
other than from the electric power companies and 
several of the manufacturing establishments using 
electric power for the operation of their works. 
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Although several delightful and interesting excur- 
sions have been arranged for, the association has 
made, on behalf of its members, a business-like 
arrangement for the several trips and excursions set 
forth in the programme of the convention, preferring 
to pay our own way rather than tax the courtesy of 
the transportation and other companies by accepting 
deadhead privileges. 

In view of the fact that I have had occasion to 
communicate with our members from time to time 
during the past year by the issuance of printed 
** Interim Reports," referring to the work undertaken 
by your executive, it is unnecessary to give an 
account of my stewardship in this address ; but I may 
say that many matters of urgent importance are 
pressing for settlement, which will, doubtless, receive 
the most careful attention at your hands during the 
next few days. 

The list of papers to be read at this convention is 
an exceptionally good one, and the authors are of 
more than continental reputation, and I therefore 
trust that our members will show their appreciation 
of the care and study given to the preparation of 
these papers, by being present in force at every 
session and taking an active part in the discussions 
that will ensue. Notwithstanding the progress that 
has been made in the perfection of apparatus and 
the application of new principles, there never was a 
time when there was more to learn than now, and no 
more fitting occasion is likely to present itself to us 
to familiarize ourselves with the latest procedure in 
our chosen profession ; and the papers to be read, 
and the discussions thereon, will find hundreds of 
thousands of readers and students, thanks to the elec- 
trical journals, of which we are all so justly proud. 
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No other art, science, industry or profession has 
been so well and faithfully served by an enlightened 
and progressive technical press as our own, and who 
can estimate the fair share of credit justly their due for 
the part they have taken in aiding and advancing the 
introduction of electro-motive force in its many and 
various applications. 

As we have a lengthy programme before us, and 
several important reports of committees to receive and 
discuss before we adjourn for midday recess, I now 
declare the twentieth convention of the National 
Electric Light Association opened and ready for the 
transaction of business. 



The President : This morning's session, as is usual 
with the opening session of the convention, will 
necessarily be short, and we will take up the usual 
reports of committees in their regular order. Some 
of the chairmen, I understand, will ask to have their 
reports deferred to a subsequent session, but I would 
ask the gentlemen who are present, and those who are 
not, to make an effort to attend the first actual business 
meeting of the convention, this afternoon. I think it 
is called for two o'clock. That will be a little early ; 
I will say half-past two o'clock, in order to give every- 
body an opportunity to be present after luncheon. 

The first order on the programme is the report of 
the Committee on Standard Candle Power of Incan- 
descent Lamps, by Dr. Louis Bell, chairman. I might 
say, in this connection, that a very great deal of work 
has been done toward this end since the last meeting 
of the association, in New York. \'cry few of you 
know the amount of work and the amount of corre- 
spondence that has taken place between the chairman, 
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Dr. Bell, and Mr. James I. Ayer, our past president, 
who has taken a great interest in the subject, and I 
think that this question is more nearly approaching a 
solution than ever before. I have never, in my whole 
experience, felt the utter hopelessness of fighting 
against time as I have this year, in trying to get so 
many matters absolutely concluded during my admin- 
istration. Some of them have been happily carried 
to a successful conclusion. Others are so far advanced 
that I think my successor will have no difficulty in 
bringing them to such a point that before the next 
convention meets many of these important questions 
of standardization will have been applied to a good 
many of the leading articles of the electrical business. 
I will call upon Mr. Ayer as one of the committee^ 

Mr. Ayer : Mr. President, Dr. Bell, at the last 
moment, telegraphed me that he would be unable to 
come to Niagara, and has furnished me with a rough 
draft of a report. In fact, we sat up nearly all night 
engaged in getting the report into shape. I have only 
a pencil draft of it, not suitable to be read, and I would 
ask that the matter be laid over until to-morrow, or, 
perhaps, the next day, to give us an opportunity to 
have the report prepared for presentation. It is of 
interest, and, I think, will prove to be of value. 

The President : Gentlemen, is it your pleasure 
that the committee be allowed to report at a subse- 
quent session ? All those in favor say aye. Contrary, 
no. 

Carried. 

The President : The next report is that of the 
Committee on Data. Mr. H. M. Swetland. chairman. 

Mr. Swetland read a synopsis of the following 
report : 



REPORT OF THE COMMITTEE ON DATA 



Afr. President: 

For a number of years this committee made 
reports of the cost of electricity in pounds of coal as 
shown in actual practice, the information having been 
obtained by correspondence. 

Following the instructions of the last convention, 
the committee have confined the work for the past 
year to the personal investigations of an expert, and 
on this basis this report is respectfully submitted. 

It is to be regretted that a large majority of 
station managers do not desire to have their work 
made generally public, and, as usual, the efforts of 
the committee have been handicapped by this feeling. 
That a free interchange of experience would be vastly 
beneficial is clearly proven by the superior results 
obtained from the organized effort in this direction 
among the Edison companies. 

Wc have called our expert, therefore, to consider 
in detail the various losses which come under his 
observation, and have endeavored to cover as wide a 
range of equipment as was possible under the circum- 
stances. 

With this brief explanation the subjoined report 
is respectfully submitted. 

H. M. SWETLAND, 

Chairman, 



To the Committee on Data of the National Electric 
Light Association. 

Gentlemen : In your last report you submitted 
returns from eighty-one electric light stations using 
coal as fuel, showing the following results obtained 
in actual practice : 

Watt hours Lbs. coal 

per lb. coal. per kilowatt hour. 

Maximum 237 4.22 

Minimum 2>i 30.3 

Average 108 9.26 

In your conclusions you called attention to the 
fact that, at the Chestnut Hill pumping station at 
Boston, an effective horse-power had been developed 
on 1.34 pounds of coal per hour. If a steam dynamo 
can be constructed and operated as efficiently as was 
this steam pump, it will deliver 746-4- 1.34 = 557 watt 
hours per J)ound of coal and require only 1,000-7-557 
= 1.8 pounds of coal per kilowatt hour. 

I am asked to account for this difference between 
the actual efficiency attained in the every-day practice 
of electrical stations and the efficiency apparently 
attainable in other applications of power. 

In the first place, the standard which you have set 
is, purposely, no doubt, extremely high. The Chest- 
nut Hill engine holds the world's record for steam 
efficiency, having developed an indicated horse-power 
on a consumption of 11 .22 pounds of steam per hour, 
and embodies all the refinements of modern engineer- 
ing. There is no reason why an equally efficient 
engine can not be built and attached to a dynamo, 
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should it appear advisable to incur the expense of all 
this refinement for the attainable difference in expense 
of maintenance. 

There are steam dynamos now running on thir- 
teen pounds of steam per indicated horse-power, 
which, with a difference of fifteen per cent between 
the indicated and electrical horse-power, and an evap- 
oration of ten pounds of water per pound of coal, 

I "^ X I GOO 

would require -^ '—z = 2 (prox.) pounds of 

^ .85 X 746 X 10 ^^ ^ ^ 

coal per kilowatt hour, and deliver 500 watt hours 
per pound of coal ; and these figures, actually attain- 
able with existing steam dynamos for short periods 
under test conditions, are what should be compared 
with the record-making test of the pumping engine 
in your report. 

Equivalent^ EqutYalent 

Steam per hone-power hour. Coal per kilo- Watt hours 

Indicated. Effective. watt hours. per lb. coal. 

11.22 13.4* 1.8 557 

13 15-3+ 2 500 

Thus reduced, the question becomes one of account- 
ing for the difference between results obtained by a 
high-class engine, running under test conditions, and 
those obtained by an entire station, under running con- 
ditions involving not only the decreased efficiency of 
the units under unfavorable load conditions, but all 
the standing losses of the station, inferior fuel, etc. 
The difference will be made up mainly from the fol- 
lowing items : 

1. Decreased boiler efficiency. 

2. Lesser normal efficiency of engine. 

3. Impaired conditions of engines. 

*CalciaUted from water pampcd agauMt pretsure. 

tBlectrical borte-power, 746 watts. 

fCakoUtsd oa c vapo r siion of to lbs. water per lb. ooaL 
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4. Unfavorable engine load. 

5. Leakage. 

6. Condensation. 

7. Auxiliaries. 

8. Heating. 



■*■■ J^ijt^m^ •* llt'i^OLO, 




Much has been said of the disadvantage under 
which electric light stations labor on account of the 
wide difference between the minimum and the maxi- 
mum loads, and thermal storage has been suggested 
as a means of evading this loss of efhciency. It is 
quite possible that this loss has been overestimated, 
so far as the boilers are concerned. 



■— — 

^F The capacity of a boiler is determined by the 
^p a.nount of water which it will evaporate in a given 
lime; its efficiency, by ihe combustible required to 
evaporate a pound of water from and at 212°. To 
determine how the efficiency varied with the rate at 
which the boiler was run, within limits, I have plotted 




on Figure i in the horizontal direction Ihe water cvap- 
orated per hour per square foot of heating surface, 
and in the vertical direction the pounds of water 
evaporated from and at 212° per pound of combusti- 
ble, as determined by 30 different tests on Babcock 
& Wilcqx boilers. If there were any decided tendency 
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for the efficiency to follow the rate of evaporation 
within the range there covered, it might be expected 
to show itself here, but it will be seen that practically 
as good results are obtained at over five pounds per 
square foot of heating surface as at i . 75 pounds, and 
the intermediate tests show no dependence on the rate 
of evaporation. In Figure 2 I have plotted in the 
same way all the tests of which I could find a record, 
and in this wide range still no evidence is apparent 
of any dependence of the boilers represented on the 
rate of evaporation within the range covered. This 
means that the variation of efficiency of boilers within 
the range here comprised is less than the variations 
due to different firing, etc. 

Wm. H. Bryan, in a paper read before the Engi- 
neers' Club, of St. Louis, gives the data and tests in 
which a battery of horizontal tubular boilers were 
forced to more than double their rating with only the 
following impairment of their efficiency: 



u 



18.075 -332 2.43 9.27 100.2 76.38 
35-35 -650 4-33 8.80 181.09 70.33 
43.68 .803 5.235 8.827 219.83 68.83 

I 

Here is a battery of boilers which were forced to 
nearly double their rated capacity with a decrease of 
only six per cent in their efficiency, and which could, 
doubtless, have been diminished to one-third of their 
rated capacity with a less impairment still. In other 
words, with good management and an adaptation to 
condition, these boilers would have taken care of a 
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maximum load six times the minimum without suffer- 
ing extremely. 

When a boiler is laid off completely, three methods 

may be followed : 

1. The fire may be banked so completely that 
combustion is almost totally suspended, in which case 
the pressure will run down if the boiler is cut off 
from the main, and sufficient coal must be burned on 
starting to restore the heat lost by radiation and bring 
the boiler, contents and setting back to the running 
temperature. 

2. The fire may be covered and the damper closed, 
but sufficient heat generated to keep up the pressure, 
in which case enough coal must be burned to supply 
the radiation loss. 

3. The fires may be hauled and started new. In 
this case the half-burned fuel is sacrificed more or 
less, and much more labor involved. 

It is when a boiler is thus practically laid off that 
it becomes a drag, the coal used in maintaining 
the fire in a condition to be started counting for 
nothing, so far as steam production is concerned. 
The engineer of a Philadelphia station, on a test 
made at my request, found that it required 1,200 
pounds of buckwheat coal to keep up a pressure of 
125 pounds on two water-tube boilers, having each 
fifty-nine square feet of grate surface. This was 

= .424 pound per square foot of grate 

surface per hour. 

A five days' test of a horizontal tubular boiler 
showed a consumption of .35 pound of coal per 
square foot of grate. 

Another water-tube boiler in a five days' test used 
.5 of a pound per square foot of grate. 
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A Lancashire boiler with mechanical stokers used 
only .2 of a pound of coal per square foot of grate 
on a seven days' test. 

Two other water-tube boilers, one on a seven days' 
test and the other on a test of several days' duration, 
used, respectively, .7 and .5 of a pound of coal per 
square foot of grate. 

In each of these cases the boiler was shut off 
from the main and no steam nor water taken from it. 
The coal was used simply to maintain the pressure. 
A moderate rate of combustion is twelve pounds per 
square foot of grate per hour. Allowing .5 as the 
average consumption while standing, the coal burned 
by a boiler in' this way would be 4.17 per cent of 
that burned while running at twelve pounds per 
square foot of grate for the same length of time. 

If a boiler runs sixteen hours a day at an average 
rate of twelve pounds of coal per square foot of grate 
per hour, and stands the other eight with a consumption 
of .5 of a pound per square foot of grate per hour, the 
coal used, while idle, will be 2.04 per cent of the 
whole. If it runs half the time, the expense in coal, 
while standing, will be four per cent of the total 
amount. The following table gives the percentages 
for different lengths of running and different rates of 
combustion : 
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Hours 


1 
Hours 


Running. 


Standing. 


23 


I 


22 


2 


21 


3 


20 


4 


«9 


5 


18 


6 


17 


7 


16 


8 


15 


9 


14 


10 


13 


II 


12 


12 


II 


13 


10 


14 


9 


>5 


8 


16 


7 


17 


6 


IS 

1 



Percentage of Total Coal Used in Idle Boilers 

AT .5 OP A Pound per Square Foot ok 

Grate While Idle. 

Average Rate Combustion per Square Foot Grate 

While Running. 



12 



15 



18 



20 



24 



iS 
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•59 

.83 

1.08 

1-37 
1.69 

2.04 

2.44 
2.89 

3.40 
4.00 
4.69 

5.51 
6.50 
7.69 
9.19 
II. II 



.15 
.30 

.47 
.66 

.87 
1. 10 

1-35 
1.63 

1.92 

2.33 

2.73 
3.23 

3-79 
4.46 

5 26 

6.25 

7.41 

9.09 



.12 


.11 


.25 


23 


.40 


.36 


•55 


.50 


.66 


65 


.92 


.83 


1. 13 


1.02 


^•37 


1.23 


1.64 


1.48 


1.99 


1^75 


2.30 


2.07 


2.70 


2.44 


3.18 


2.87 


3^75 


3.38 


4.42 


4.00 


5.26 


4.76 


5.96 


5.79 


7.69 


6.98 



.10 

.19 
.28 
41 
.55 

.69 

.85 

1.03 
1.23 

1.44 

1.70 
2.04 
2.40 
2.83 

3 35 
3^85 
4.87 
5.88 



It has been a matter of surprise, in following out 
this investigation, to find so moderate a difference 
between the performance of the boilers reported for 
long periods under widely varying capacities, and 
charged with all the coal used for banking, etc., and 
their normal efficiency under test conditions. This 
difference is shown in the following table, where the 
*'test duty" is the best result obtainable under the 
best conditions with the fuel used ; the *' actual duty " 
is the number of pounds of water evaporated in a 
long term of service, divided by the coal used in the 
same period. 

The third column is the ratio of the actual to the 
test efficiency, showing how badly the efficiency was 
impaired by the conditions of actual service. 

With the exception of No. 11, the apparently low 
efficiency of which was due to a low grade of western 
coal, these results are surprisingly high. 
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No, 



I 

2 

3 

4 

5 
6 

7 

8 

9 

10 

II 

12 

13 



Test Duty. Actual Duty. 



8.58 
8.68 
9.g6 

10.5 
7 



IX. 2 

10.8 



8.009 
7.302 
8 02 

7 5 
9.96 

10.00 

6.14 

6.04 

9.83 
9.85 

5.75 
11.36 

7.50 
9.00 



Ratio ActuallPer Cent Short 
to Test. I of Standard. 



94.5 
84.1 

8.05 

94.6 

95.24 

87.71 



87.71 
97.72 



19.91 
26.98 
19.8 

25 
4 

• • • • • 

38.6 



12 

8 

42.5 
13.60 

25.00 

10.00 



Hours Run 
per day. 



24 
6-12 

24 

24 
23 

24 

24 
14-20 
Av., 17 

24 

24 

24 

24 
12 

24 



In comparing the duties attained in practice with 
the high standard established, it must not be forgotten 
that the standard was attained with one of the best 
steam coals procurable, with less than six per cent of 
ash-pit refuse. The results which we are comparing with 
this were obtained in many instances with coals having 
a much lower evaporative value per unit of weight, 
while their evaporative value per unit of cost may- 
have been higher. Where the grate surface is ample, 
a very cheap grade of fuel can be used with a con- 
siderable reduction of the cost, and it is suggested 
that an economical advantage may arise from using 
two grades of fuel in plants that run long hours 
with widely varying loads ; a good steaming coal with 
which the boilers can be forced at the time of over- 
load, and a cheap small coal which can be used to 
advantage on the otherwise spare grate surface when 
the load is below the average. The fourth column 
of the table shows the percentage of difference between 
the results actually obtained and the standard, ten 
pounds of water per pound of coal, and is the per- 
centage accounted for by the various causes affecting 
the boiler efficiency. The efficiency of the boiler 
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demands special consideration, for it affects directly the 
whole efficiency. Inefficiency in an engine affects only 
the steam which it uses, but inefficiency in a boiler 
affects the cost of all the steam produced for all 
purposes. 

IMPAIRED CONDITION OF ENGINE 

In the exigencies of central station work, it is not 
possible always to keep an engine tuned up to its con- 
dition of maximum efficiency, and managers of 
stations will readily recognize that some of their 
units, if tested just as they are running, would, from 
one cause and another, fail to realize their best 
efficiency. Valves and pistons become worn and 
leaky, valve setting gets out of adjustment, stuffing 
boxes leak, not only wasting steam, but impairing the 
realized vacuum and increasing the work of the air- 
pump. Notwithstanding these derangements, the 
engine must be kept in commission, and its average 
efficiency for the year is sure to be below its max- 
imum efficiency, as determined by a test when it is in 
its best possible condition. It is the average efficiency 
of many engines working under these disadvantages 
that we are comparing with the maximum efficiency 
of an engine to every detail of which expert attention 
had been given. 

ENGINE LOSSES DUE TO UNFAVORABLE LOAD 

The performance that we have taken as a 
standard was accomplished at the load for which the 
engine was particularly adapted. The performance 
that we are comparing with it was accomplished 
under all sorts of conditions ot over and under-load- 
ing. Figure 3 is given by Prof. R C. Carpenter* 

* The VarUtioo in Econonir of the Steam Engine Due to Varuuioo in Load. Pro> 
ctedinf American Imtitmc EkctncaJ Enfinccra, Vohiac X. 1893. 



^^r as showing the rate of steam consumption that may ^| 
^H be expected with eng^ines of different types, and the ^M 
^H method of variation of that rate with change of load. H 
^H These curves are based upon the steam consump- H 
^H tion per indicated horse-power, but what we wish to H 
^H know, not only for the purpose of comparison, but H 
^^L in order to handle the units of a station intelligently, H 
^^^^H is the rate of variation per kilowatt hour. ^H 
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Fro. 3. 

That the curve will be different from the indicati 
jrse-power curve, is shown by Figure 4. The low 
irve, is the first curve of Figure 3 re-drawn to 
gher vertical scale. Assuming a difference at tl 
!st efficiency of fifteen per cent between the int 
ited and electrical horse-power, I have laid out tl 
aper curve, showing the rate of variation on ll 
me engine per kilowatt hour. At one hundri 
jrse-power the engine takes forty pounds of stea 
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per hour per indicated horse-power, or 40x100 = 4.000 
pounds per hour. But we only get eighty-five elec- 
trical horse-power out of it, so the cost per electrical 

■ "* ^ ' = 47 pounds, and the cost 
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Calculating the other loads in the s;ime way, the 

points for the upper curve were located. This curve 

brought down to its dotted position for ready 

^comparison with the other. Owing to the increasing 

Iproportion of the frictional and electrical losses, the. 
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curve rises very rapidly with an under-load, while, as 
the load is increased, the diminishing ratio of these 
losses carries the point of minimum consumption 
further out, and it is seen that, while the steam rate 
per indicated horse-power is least at one hundred, the 
steam rate per kilowatt hour is least when the indi- 
cated horse-power is ten per cent greater, and the line 
rises less abruptly as the overload increases. It would 
seem as though every station manager would know 
the most efficient rate of output for each of his units, 
and how badly they suffered from a departure from 
this rate, but I found this to be in no wise the case. 
The station that has a constantly changing load 
is at the worst disadvantage from inadaptability of 
units. The **load factor" proposed by Compton, 
expressed by the ratio of the area within the load- 
line to the area of the containing rectangle, is not a 
fair expression for this disadvantage ; for of two 
stations, each having a ** load factor" of sixty, for 
example, and one running six-tenths of the time on 
uniform load, as in Figure 5, and the other all the 
time on a constantly changing load, as in Figure 6, 
the first will be at a decided advantage in this 
respect. Its units, if adapted to their output, can be 
run at their maximum efficiency, and the station is 
better off even than a cotton mill, or other factory 
with a steady load, for it has a long run without 
interruption. It is to the fact that its load-line 
approximates more nearly this condition that the 
exceptional efficiency of the Brooklyn Edison No. 2 
Station is due, and that an arc station is able to run 
at a less coal cost per unit of output. With a 
changing load like Figure 6, however, the units are 
at their maximum efficiency only momentarily, as at 
A. B, C, D. By plotting the engine blocks into the 



actual load line as they are plotted into this conven- 
tional line, and as they have been in the actual load- 
line submitted from the Brooklyn station, it can be 
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Jetermined how much and for what proportion of 
he time they were under or overloaded, and from 
one of the consumption curves for the given type of 
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engine, the effect of such unfavorable loading may be 
estimated. 

It is quite likely that the importance of the 
impairment of efficiency from this cause has been 
overestimated. Even on the steep kilowatt curve of 
the least efficient engine in Figure 4 it will be seen 
that if all the engines in the station run all the time 
at half load, the impairment would be less than thirty- 
three per cent, and if they ran all the time at fifty 
per cent overload, the impairment would be only 
eight per cent, 

A. G. Pierce and R. S. Hale, who have made a 
careful study of the Boston stations of the Edison 
companies, say : ** In our test we have finally found 
the variation due to causes which we first thought 
negligible, to be more than the variation due to 
change in load. As a matter of fact, the steam per 
indicated horse-power in our two 200 units holds 
within twelve per cent over a range from one-quarter 
up to full output." 

LEAKAGE 

It is probable that the loss by leakage is greater 
than is generally supposed, and when the steam sup- 
posed to have been consumed is determined by the 
water-meter, leakage, either in the form of water or 
steam, counts against the engine. In a surface con- 
densing plant, if there were no loss by blowing off 
or leakage, no water would have to be supplied to 
the system after it was once charged. As a matter 
of fact, a constant supply is necessary. At one of the 
stations visited the leaks were about 2,000 pounds per 
hour in the winter time, and in the summer, with 
one-half the engines, two-thirds the boilers and all the 
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heaters shut off, they were about 500 pounds per 
hour ; in another they were 3,500 pounds per hour. 
When it is remembered that, with the high-class 
engines which we are considering, thirteen pounds per 
hour represent a horse-power, it will be seen that this 
leakage may account for a considerable proportion of 
the difference between the ideal duty and that 
reported as actually attained. Some idea of the 
amount of leakage encountered in marine practice 
may be gleaned from a statement by D. E. Morrison, 
in a paper presented to the Liverpool Engineering 
Society, that, on a steamer having, on an average, 
2.000 indicated horse-power, the fresh water added 
daily was five tons, or about one and one-half per 
cent of the total feed. This plant, he says, is excep- 
tionally efficient, and cites another which required 
fresh water to the extent of 10.3 per cent. The trials 
of the **Iona", by the Research Committee of the 
Mechanical Engineers, showed that the quantity of 
water required to make up leakage was about six per 
cent of the total feed, although, beyond a slight 
leakage at the feed-pump gland during a portion of 
the trial, there was nothing apparent to the many 
observers which would account for such a loss. In 
this connection we may recall that a large amount of 
metered water is lost in the course of a year by 
blowing down the boilers, opening safety valves, test- 
ing water-gauges, etc. 

CONDENSATION 

All the water evaporated by the boilers does not 
reach the engine in the form of steam, considerable 
being condensed in the conducting pipe. In a test 
this is allowed for and only the dry steam charged to 
the engine. Recent experiments have shown that each 
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square foot of bare pipe exposed under average con- 
ditions will condense .85 of a pound of steam per 
hour. It would take at this rate only fifteen square 
feet to consume a horse-power {i. e,^ thirteen pounds 
of steam). Even when covered with a non-conducting 
material, this loss is considerable, when it is considered 
that not only the pipe, but all heated surfaces, are con- 
tributing to it. If we allow the surfaces only one 
fifth of this on an average, on account of many of 
them being covered, we shall still lose one of our 
standard horse-powers for every seventy-five square 
feet of steam-containing surface. 

Some conception of the combined losses, due to 
leakage and condensation, may be gathered by imagin- 
ing, or, better still, if practicable, actually trying the 
experiment of keeping the plant under steam at run- 
ning pressure with the engines turned on, but not 
running, and weighing the amount of coal burned per 
hour to keep up the pressure under these conditions. 
The indications are that it will furnish in many plants 
a surprisingly large percentage of the total coal con- 
sumed. 

AUXILIARIES 

A large amount of steam is used by the auxiliary 
engines about a station. While it is true that the 
boiler feed pumps, for instance, develop little power 
as compared with that of the main engines which they 
supply, they are, as a rule, very extravagant in the 
use of steam. The same thing is true of the ordinary 
independent air and circulating-pump. There are also 
in many stations small engines used for operating 
automatic stokers, fans for artificial draft, coal-hand- 
ling machinery, etc., the aggregate steam consumption 
reaching a very considerable figure. The steam con- 
nections to these auxiliaries add very materially to the 
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complexity of the piping system and mcrease the 
leakage and condensation losses. There is a move- 
ment in the direction of replacing steam-operated 
auxiliaries by those operated by electric motors, reduc- 
ing the piping system to the utmost simplicity. At 
a cost of, say, twenty pounds of steam per indicated 
horse-power, and a loss of fifty per cent in its elec- 
trical transmission and re-development, one would have, 
at the point of application, only forty pounds of steam 
per effective horse-power, against the seventy-five or 
200 pounds required by the steam motors, displaced, 
to say nothing of the reduction to be expected in the 
radiation and leakage losses. 

HEATING 

The heating of the station usually follows from 
the unavoidable radiation, but the offices, and often 
considerable other space, are heated by exhaust steam 
at the expense of back pressure upon the engines, or 
by live steam from the boilers direct. Either of these, 
while necessary, is a drag on the efficiency of the 
station in kilowatt hours per pound of coal. 

STARTING ENGINES 

No inconsiderable amount of steam is used in 
getting a large engine ready to put to work and 
allowing it to **turn over" slowly for some time, as 
is often done before it gets its load. One manager 
assures me that a careful computation showed the 
cost of starting up a large engine, including the labor, 
oil, etc., as well as the steam required, to be over 
three dollars. 

In the following table, I have undertaken to show, 
for the few stations from which reliable data have 
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been procurable, the proportions which the various 
demands upon the coal pile bear to each other and to 
the whole. The column headed ** efficiency " shows 
the percentage of the coal actually used that would 
have been used by the standard equipment (lo pounds 
of steam per hour and the electrical horse-power .85 
of the indicated). Under ** engines "is the percentage 
of the total coal consumed by reason of the lesser 
efficiency of the engines; under *' conversion ", the 
percentage of the coal consumed by reason of the 
conversion losses exceeding the standard. The next 
three columns give the percentage of the total coal 
used to supply leakage, condensation and auxiliaries. 
The column under ** boilers" gives the percentage by 
which the consumption was affected, by reason of the 
fact that the boilers evaporated more or less than ten 
pounds of water per pound of coal, while the column 
of '*unassigned " gives the aggregate of all the losses 
not separately reported. 
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STATION NO. I 

Incandescent, run 24 hours per day. 

Average daily output, 13,600 kilowatt hours. 

Coal per kilowatt hour, 8.3 pounds. 

Watt hours per pound of coal, 120.5. 

Boilers : Water-tube. 

Average evaporation per pound of coal, 8 pounds. 

Average feed-water temperature, 212 degrees. 

Average boiler pressure, 125 pounds. 

Coal : Buckwheat. 

Engines : Vertical, compound non-condensing, four- 
valve, direct-connected. 

Water per hour per indicated horse-power, at best 
efficiency, 25.8 pounds. 

Water per kilowatt hour, at best efficiency, 37.5 
pounds. 

Generators : General Electric. 



STATION NO. 2 

Incandescent, run 6 to 12 hours per day. 

Average daily output, 1,400 kilowatt hours. 

Coal per kilowatt hours, 6.24 pounds. 

Watt hours per pound of coal, 160.4. 

Boilers : Water-tube. 

Average evaporation per pound of coal, 7.3. 

Average feed-water temperature, 212. 

Average boiler pressure, 125 pounds. 

Coal : Buckwheat 

Engines : Horizontal, cross-compound condensing, 
high-speed, single-valve, automatic, belted to gener- 
ators. 

Water per hour per indicated horse-power, at 
best efficiency, 25.7. 
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Water per kilowatt hour, at best efficiency, 39.3. 
Generators : General Electric. 



STATION NO. 3 

Incandescent, run 24 hours per day. 

Coal per kilowatt hour, 3.71. 

Watt hours per pound of coal, 269.5. 

Boilers : Water tube. 

Average evaporation per pound of coal, 8 pounds. 

Engines : Vertical, compound condensing, four- 
valve direct-connected. 

Water per hour per indicated horse-power, at best 
efficiency, 15.5. 

Generators : General Electric. 

STATION NO. 4 

Incandescent, run 24 hours per day. 

Average daily output, 200,000 kilowatt hours. 

Coal per kilowatt hour, 4.56 pounds. 

Watt hours per pound of coal, 219.7. 

Boilers : Water-tube. 

Average evaporation per pound of coal, 7.5 pounds. 

Average boiler pressure, 160 pounds. 

Coal : New River and hard screenings. 

Engines : Vertical, triple-expansion, four-valve, 
direct-connected. 

Water per hour per indicated horse-power, at best 
efficiency, 15. 

Water per kilowatt hour, at best efficiency, 23.5. 

Generators : General Electric. 

STATION NO. 5 

Arc and Incandescent, run 24 hours per day. 
Average daily output, 15,600 kilowatt hours. 
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Coal per kilowatt hour, 8.69 pounds. 

Watt hours per pound of coal, 115.1. 

Boilers: Return tubular. 

Average evaporation per pound of coal, 9.96. 

Average feed-water temperature, 208. 

Average boiler pressure, 125 pounds. 

Coal : Bituminous, 2 parts ; screenings, i part. 

Engines: Simple non-condensing, belted to gener- 
ators ; compound non-condensing, belted to generators. 

Water per hour per indicated horse-power, at best 
efficiency, 29.1. 

Water per kilowatt hour, at best efficiency, 47 . 7. 

Generators : General Electric, Thomson-Houston. 

STATION NO. 6 

Incandescent, run 24 hours per day. 
Average daily output, 6,500 kilowatt hours. 
Coal per kilowatt hour, 3.82 pounds. 
Watt hours per pound of coal, 262. 
Boilers : Return tubular. 

Engines : Compound condensing, four valve, belted 
to countershaft 

Water per kilowatt hour, per indicated horse-power, 

I5-5- 

STATION NO. 7 

Incandescent, run 24 hours per day. 

Average daily output, 13,000 kilowatt hours. 

Coal per kilowatt hour, 8.91 pounds. 

Watt hours per pound of coal, 112.2. 

Boilers : Water-tube. 

Average evaporation per pound of coal, 6.1. 

Average feed-water temperature, i8a 

Average boiler pressure, 135 pounds. 

Coal: Anthracite pea. 
5 
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Engines: Simple non-condensing, belted to gener- 
ators ; compound non-condensing, belted to generators. 

Water per hour per indicated horse-power, at best 
efficiency, 28. 

Water per kilowatt hour, at best efficiency, 45. 

Generators : Bi-polar. 

STATION NO. 8 

Arc and incandescent, run 14 to 20 hours per day, 
averaging 17. 

Average daily output, 12,400 kilowatt hours. 

Coal per kilowatt hour, 8.67. 

Watt hours per pound of coal, 115.3 

Boilers : Water- tube. 

Average evaporation per pound of coal, 6 pounds. 

Average boiler pressure, 160 pounds. 

Coal : Kentucky slack. 

Engines : Cross-compound condensing, direct-con- 
nected ; tandem compound, belted to generators. 

Water per hour per indicated horse-power, at best 
efficiency, 28. 

Water per kilowatt hour, at best efficiency, 45. 

Generators : Westinghouse, General Electric and 
Wood. 

STATION NO. 9 

Arc and incandescent, run 24 hours per day 
Average daily output, 2,700 kilowatt hours. 
Coal per kilowatt hour, 6.64 pounds. 
Watt hours per pound of coal, 150.6. 
Boilers : Horizontal, tubular and water-tube. 
Average evaporation per pound of coal, 9.83. 
Average feed-water temperature, 140. 
Average boiler pressure, 120 pounds. 
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Coal : Clearfield and coal dust» one-half each. 

Engines : Single-acting, compound condensing, belted 
to generators. Simple, automatic, high-speed, non- 
condensing, belted to generators. 

Water per hour per indicated horse-power, at best 
efficiency, 28. 

Water per kilowatt hour, at best efficiency, 53.27. 

Generators : Westinghouse, Thomson- Houston and 
General Electric. 

STATION NO. 10 

Arc and incandescent, run 24 hours per day. 

Average daily output, 3,400 kilowatt hours. 

Coal per kilowatt hour, 8.62 pounds. 

Watt hours per pound of coal, 116. 

Boilers: Horizontal, tubular and water-tube. 

Average evaporation per pound of coal, 9.85. 

Average boiler pressure, 112 pounds. 

Coal : Bituminous, 4 parts ; Yars screenings, i 
part 

Engines : Compound condensing and sirtiple non- 
condensing, belted to generators. 

Water per hour per indicated horse-power, at best 
efficiency, 28.5 pounds. 

Water per kilowatt hour, at best efficiency, 38.1. 



STATION NO. II 



Arc and incandescent, run 24 hours per day 
Average daily output, 4,000 kilowatt hours. 
Coal per kilowatt hour, 10.13 pounds. 
Watt hours per pound of coal, 98.7. 
Boilers: Horizontal, tubular and water-tube. 
Average evaporation per pound of coal, 5.75 
pounds. 
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Average feed-water temperature, 212. 

Average boiler pressure, 1 1 5. 

Coal : Screenings. 

Engines : compound condensing, belted to gener- 
ators ; compound condensing, belted to countershaft. 

Water per hour per indicated horse-power, at best 
efficiency, 22 pounds. 

Water per kilowatt hour, at best efficiency. 

STATION NO. 12 

Incandescent, run 24 hours per day. 

Average daily output, 4,300 kilowatt hours. 

Coal per kilowatt hour, 7.45 pounds. 

Watt hours per pound of coal, 134.3. 

Boilers : Horizontal, tubular. 

Average evaporation per pound of coal, 11.36 
pounds. 

Engines : Four-valve, simple ; single-acting, com- 
pound ; single-acting, simple. 

Water per hour per indicated horse-power, at best 
efficiency, 34.3 pounds. 

STATION NO. 13 

Incandescent, run 12 hours per day. 
Average daily output, 5,000 kilowatt hours. 
Coal per kilowatt hour, 7.33 pounds. 
Watt hours per pound of coal, 136.5. 
Boilers : Horizontal, tubular. 

Engines : Tandem compound, four-valve, condensing. 
Water per hour per indicated horse-power, at best 
efficiency, 20 pounds. 

STATION NO. 14 

Arc and incandescent, run 24 hours per day. 
Average daily output, 124,000 kilowatt hours. 
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Coal per kilowatt hour, 5.68 pounds. 

Watt hours per pound of coal, 176.2 

Boilers : Horizontal, tubular. 

Average evaporation per pound of coal, 9 pounds. 

Average feed-water temperature, 120. 

Average boiler pressure, 115 pounds. 

Coal : Tennessee, run of mine. 

Engines : Tandem compound condensing, belted to 
jackshaft ; x double tandem compound, non-condensing, 
belted to jackshaft ; cross-compound, belted to gener- 
ators. 

Water per hour per indicated horse-power, at best 
efficiency, 17.5 pounds. 

Water per kilowatt hour, at best efficiency, 26.65 
pounds. 

Generators : Thomson-Houston, Eddy, Wood and 
Detroit 

F. R. Low. 

DISCUSSION 

Mr. Swetland : I wish to say further, in present- 
ing this report, that I feel that, during the six years 
that this work has been in my hands, there has been, 
perhaps, some good work done for the association. 
We have, I am sure, in some cases, stimulated an 
exertion to better work. I do feel, however, that the 
work has not produced the results, and this report 
does not show the results, which I hoped to present 
to you. There is this to contend with in the work : 
In the first place, the station manager does not like 
to have his private work laid before the public, and I 
feel that in a public convention of this kind we can 
not get for distribution such a report as can be 
obtained by associations where the work is more pri- 
vate, as, perhaps, the Edison organization. It seems 
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to me, therefore, that the conduct of this work in future 
would perhaps be better if confined entirely to the 
hands of the secretary, letting him secure such infor- 
mation as can be obtained by correspondence, without 
any further expense to the association. 

I desire to thank the members for their co-opera- 
tion in the work, and I feel that they have done all 
that could be expected ; and, for my part, I have done 
my best to serve you. Mr. President, perhaps it is 
not necessary to read the report. 

The President : No, I think it is unnecessary, 
Mr. Swetland, because it has been in the hands of 
every active member for some weeks past. 

I think it is my duty to advise the association of 
the very great interest that has been taken this year, 
by Mr. Swetland, in the preparation of this report. We 
have had several interviews. He has visited me at 
my home in Toronto, and I have made several trips 
to New York to visit him, in connection with other 
association matters, and we have tried to devise a plan 
whereby we could make this report much more inter- 
esting than ever before. We appreciated the fact that 
if you ask people to do anything voluntarily it is 
sometimes apt to be neglected, and so we decided, in 
our efforts to make this report appear before our 
members in a manner that would be satisfactory to 
us, to engage an expert gentleman to visit the differ- 
ent central stations, to secure and give this informa- 
tion at first hands. However, while I think we have 
a much more interesting report than we have had in 
the past, it is not satisfactory, and I doubt very much 
the wisdom of continuing this particular committee. 
The central station managers (and I can hardly blame 
them) are more or less diffident about giving to this 
association the information — the actual private informa- 
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lion — as to costs, maintenance, etc., with which only 
can it be as valuable as such a report should be. 
However, the matter is in your hands. If some gen- 
tleman that is acquainted with the work of the com- 
mittee will move for its discharge or for its retention, 
either one way or the other, the question will be 
taken up. 

A Member : I move that the committee be dis- 
charged. 

Mr. Beggs: I should like to add to that, Mr. 
President, that the work the committee has heretofore 
done devolve upon the secretary of the association, as 
has been so well suggested by the chairman of that 
committee. If you recollect, I urged this course a 
year ago. I felt that this was work that ought natu- 
rally to go to the secretary's office. In his official 
capacity, much of these data could be obtained during 
the year. Therefore, I would suggest that the duties 
of the committee be dispensed with, and that they 
devolve upon the secretary of the association instead 
of upon a special committee. 

The President : You have heard the resolution, 
gentlemen, to discharge the committee. Is it your 
pleasure that that committee be discharged ? 

Carried unanimously. 

Mr. Aver: I want to offer thanks to the chair- 
man of that committee, who has served this associa- 
tion so faithfully in that capacity. There are few who 
realize how much Mr. Swetland has done in that 
direction, except those that have been associated with 
him. I do not think it necessary to speak on that. 

Judge Armstrong: I was very sorry, Mr. Presi- 
dent» to see the committee discharged, only for the 
reason that we are dispensing with the services of Mr. 
Swetland, which he has given us for several years in 



56 

this capacity, and the report of this committee has 
invariably been of great value. He has always 
lamented that he could not make it perfect because 
of the difficulties referred to here in his report ; but 
he has given us every year and at every convention 
very valuable information ; and while I acquiesce in 
his suggestion, in the suggestion of the chair and in 
the suggestion of the gentleman who made the motion, 
I do so with regret, and am very happy to join in an 
expression of our thanks — not merely perfunctorily, 
but our real thanks — to Mr. Swetland for what he has 
done for us. 

The President : It has been moved by ex-Presi- 
dent Ayer and seconded by ex-President Armstrong 
that the thanks of the association be tendered to Mr. 
H. M. Swetland, chairman of the Committee on Data, 
for the work that he has done for the association in 
the past. Is it your pleasure that the motion carry ? 

Carried. 

The President : Mr. Swetland, it gives me, as the 
retiring president, particular pleasure to be able to 
advise you of this motion that has been unanimously 
carried. I think that I know more, perhaps, than 
any one else the self-sacrificing work that you have 
done during the past year, and I am quite sure that 
this vote of thanks to you is genuine and sympathetic 
on behalf of the members of the . association. 

The President : The next report is that of the 
Committee on Standard Electrical Rules, Captain 
William Brophy, chairman. 

Captain Brophy : It was only last Saturday that 
the committee of which I was a member, to formu- 
late and amend the national code, held its last meet- 
ing. My report could not be written until after that. 
It is now in the hands of the typewriter, and will be 
ready in the afternoon. 
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The President : You wish to defer the presenta- 
tion of your report until this afternoon, Captain ? 

Captain Brophy : Until this afternoon's session. 

The President : I think we have time before us, 
and I will ask the chairman of the finance committee, 
Mr. John A. Seely, if he is ready to present his 
report. 

Mr. Seely : I am ready, Mr. President. 

The President : We shall be very pleased to have 
you report now, Mr. Seely. I should like you to come 
forward, because I am sure all those members who 
have not already seen you are very anxious to have a 
glimpse of you. 

Mr. Seely : Thank you, Mr. President. 

Mr. Seely then read his report as follows: 

FINANCIAL REPORT FOR YEAR 1896 

RECEIPTS 

Active membership dues for the year 1896. .$2,550 00 
Active membership dues for the year 1897 . . 150 00 
Associate membership dues for year 1896.. 1,590 00 

$4,290 00 

National Electrical Exposition Company.. $2,000 00 

Sale of Report of Nineteenth Convention. . 350 00 

Sale of badges 143 00 

Sale of publications 22 00 

Advertisements in proceedings 180 00 

2,695 00 

Total receipts $6,985 00 

Balance in bank January i, 1896 $716 90 

Balance in petty cash January i, 1896 21 75 

738 65 

$7,723 65 

DISBURSEMENTS 

Salary of Secretary $2,000 00 

Rent 401 20 

Furniture 165 00 

Printing and stationery (including pro- 
ceedings and papers read at meetings). . 2.143 34 
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Entertainment $69 05 

Testimonials 50 00 

Sundry expenses 31 08 

Rebate to associate members 10 00 

Stenography and typewriting (including 

report of convention) 1,018 28 

Traveling expenses 153 1 1 

Badges 204 74 

Postage and telegrams 91 91 

$6,337 71 

Balance January i, 1896 $if3S5 94 

Balance in bank January i, 1896 $ii446 23 

Debit to petty cash January i, 1896 60 29 

Net balance $i»385 94 

ASSETS 

Cash as per above statement $1.3^5 94 

Cash in hands of Finance Committee 889 29 

Office furniture, as appraised by Finance 

Committee 297 00 

$2,572 23 

LIABILITIES 

None 



The President : T am sure, gentlemen, that you 
must all be satisfied with the present showing of the 
finances of the association. We have absolutely no 
liabilities. We have surplus assets amounting to over 
$2,500. It is only a year or two since that we were 
rather heavily in debt, and were calling upon certain 
of the liberal members of the association to help make 
up the deficit. The association has got a fair start 
now ; and while I do not see the advantage, in an 
association of this kind, of accumulating a large fund 
or a credit balance, I am gratified to think that the 
association is in such shape that if any opportunity for 
good work arises to help onward our interests for the 
benefit of the active members — the central station 
members — we have the wherewithal with which to 
undertake such work. 
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There are a few announcements that I should like 
to make before I declare this meeting adjourned. 
Before doing so, I should like to afford an opportun- 
ity to any members who have any matters that they 
wish to bring before the meeting, or that they would 
like to notify the chair of their intention to bring 
before any subsequent meeting of the association. 

Mr. Seely : Mr. President, I desire to give 
notice to the chair that I shall move to change the 
by-laws to the effect that the retiring presidents shall 
all become honorary members af the association. 

The President : I will let that stand as a notice 
of motion, Mr. Seely. Has any other member any- 
thing about which he wishes to notify the chair ? 



ANNOUNCEMENTS 



The President : The secretary has asked me to 
request the members to turn in their railroad certif- 
icates to the secretary's office, in order that they may 
be properly indorsed, so that the member owning a 
certificate will be enabled to secure the reduced rate 
when purchasing his return fare. 

I have also been asked to announce that the 
books of coupon tickets, for various excursions in the 
neighborhood of the Falls, are for sale at the secre- 
tary's office* The price is one dollar. The ordinary fare 
for the various trips amounts to $2.85. The coupon 
tickets include a trip of about thirteen miles on the 
Canadian side of the river, to Lewiston, the Falls and 
Chippewa ; include the trip down the Gorge road, 
a trip up the Tower, on the ** Maid of the Mist,' 
across Suspension Bridge, across the ferry at Lewis- 
ton, and other attractions. The association has made 
such arrangement on behalf of the members that we 
are enabled to offer these coupon books for one 
dollar, the regular fare being $2.85. 



If there is no other business to come before the 
meeting, a motion to adjourn until 2.30 o'clock this 
afternoon will be in order. 

On motion of Judge Armstrong, seconded by Mr. 
Ayer, the convention took a recess until 2.30 p. m. 



SECOND SESSION 



President Nicholls called the convention to order 
at 2.30 p. m. 



ANNOUNCEMENTS 



The President : Gentlemen, I have to announce 
that after the close of this afternoon's session we 
intend to proceed to the power-house of the Niagara 
Falls Power Company. We have an invitation, and 
they will be expecting us between five and six 
o'clock ; so that, immediately after the close of the 
meeting this afternoon, those of the delegates who 
wish to inspect the great developments of the Niag- 
ara Falls power will have an opportunity to do so. 

I might also announce that we intend to accept 
the invitation extended to us by the Carborunjlum 
Company, to visit their works at the close of the 
session to-morrow afternoon. The process is very 
interesting, and I am sure the visit will be one of 
both pleasure and profit to every member, and I 
hope every one will make a point of being present 
when we visit the Carborundum Company's works. 

The secretary has handed me a letter, dated June 

2d, signed by the Erie Gas Engine Company. I will 
read it and refer it to the association, to take such 
action upon it as they may deem proper. The 
names of several companies are mentioned in the let- 
ter, but I do not think it my province to mention 

them here. 

**June 2d, 1897. 

** National Electric Light Association, 

*'New York city, N. Y. 

** Gentlemen : A technical paper devoted to the 
electrical trade, and a paper devoted to the gas 



I 



I 



63 

trade, have, for the last several weeks, contained very 
broad assertions complaining of the indisposition of 
gas-engine manufacturers to give the profession data 
in regard to gas engines. We have not cared to 
ventilate our views in journals whose verdict has 
thus been rendered in advance in this manner, but 
have preferred to contradict their unfounded assertions 
at the proper time and in the most effective manner, 
and it occurs to us that the proper time and the 
most effective manner is the meeting of your associ- 
ation, to be held next week at the Falls. 

"Our gas engine is made in Erie. Pa., which is 
one hundred miles from the Falls, and is, therefore, 
extremely convenient, express trains running frequently 
both ways to make the trip in a couple of hours. 

"We therefore have pleasure in herewith inviting 
your body to send a committee of, say. five or six of 
your most eminent and thorough members to make 
as critical inspection and test as may be necessaiy to 
enable them to acquire any data in reference to gas 
engines which the profession is, or feels itself, in 
need of. 

•■ We shall be pleased to place at your disposal, 
for testing purposes, single-cylinder engines, as well 
as twin-cylinder engines, in connection with both 
shunt-wound and compound-wound dynamos, and shall 
be pleased to place at your disposal, at the same 
lime, both artificial and natural gas. so that compar- 
isons of the capacity of the engines can be made 
with different kinds of gas. We shall have Schaeffer 
and Budenberg tachometers and indicators, Weston 
recording ammeters and voltmeters, for the purpose 
of enabling your committee to obtain data, and 
should be pleased were any of the committee to bring 
with them Bristol recording ammeters and voltmeters 
in addition. We believe that in this way, and with a 
committee of five or six men, there could be, under 
these circumstances, the most thorough test made of 

knowledge, 
siand 
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produce current ; and as there arc, in the city of 
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Erie, Backus engines, as well as Otto engines, the 
owners of which would doubtless be willing to have 
them tested, it will be seen that comparative results 
can, at the same time, be obtained. 

'* We should be pleased to pay the expenses of 
said committee from the Falls to Erie and return, 
and beg to assure them in advance that if our invita- 
tion is accepted they will be well taken care of. We 
make no requirements in the case as a condition 
precedent of the acceptance of * our invitation, except 
that the committee make its report, in accordance 
with the facts, to your honorable body, and that a 
copy of said report be given us by your committee 
at the same time that the original report is sent in to 
your body. 

**We trust you will accept this invitation, both in 
the interest of knowledge, as well as to enable us to 
demonstrate to the readers of the journals referred to 
that there is one gas-engine company that has both 
the ability and the disposition to furnish data to 
such people as know what data they want. 

*' Yours truly, 

** Erie Gas-Engine Company, 
** Manufacturers 'Climax' Gas Engine, 

** Max H. C. Brombacher, 
** Eastern Representative." 

Xhe President : Has any one any motion to 
make in reference to this? 

Mr. Ayer: Mr. President, if anything of that 
nature is in order, I think we have among our asso- 
ciate membership here a large delegation who would 
like to prepare similar invitations and offer the 
articles of their product for test. I think that a 
motion is in order that the letter be laid on the 
table. 
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The Prksident : Gentlemen, it has been moved 
bv Mr. Aver that the communication be laid on the 
table. Is it your pleasure that the motion be declared 
carried ? 

Carried. 

The President: Before we proceed with the rcjr- 
ular business of the convention, I mifjht say that 
there are some gentlemen here, with the object of 
inviting the association to meet at Omaha, Nebraska, 
and at Indianapolis, Indiana. There is also a letter 
from the executive office of the Trans-Mississippi and 
International Exposition, of Omaha, Nebraska, dated 
May 25th, addressed to the National Electric Light 
Association. It reads as follows : 

** Omaha, Ner, May 25th, 1897. 

•• National Electric Light Association, 

** In Convention Assembled at Niagara, N. V. 

" I take pleasure, through our Commissioner of 
Electricity, Prof. R. B. Owens, in extending to your 
association a cordial invitation to hold its annual 
meeting, in 1898. in the city of Omaha, Neb. I beg to 
call your attention to the fact that a great, ex[)osition 
of the arts, industries and civilization of the trans- 
Mississippi country will be held in this city from June 
ist to November ist, 1898. This exposition will cele- 
brate no centennial in the history of this country, but 
will fittingly commemorate the close of the first half 
century of its history — a period teeming with great 
events, one of the greatest of which has been the 
building of a mighty empire of twenty-four States and 
territories west of the Mississippi River. 

*' During this period of development, the greatest 
achievement of science has been in the field of elec- 
tricity, and at this exposition no small part will be 
devoted to electricity. 
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** We invite you to this beautiful city next year, 
and tender to you the free use of an auditorium for 
your deliberations. We ask you to come to the gate- 
way of the trans-Mississippi country, where the prod- 
uct of the best thought and inventive genius in all 
departments of electricity will be on exhibition. 

** Yours truly, 

** Gordon W. Wattles, 

** President." 

The President: I believe Professor Owens is in 
the room. I therefore have much pleasure in extend- 
ing to him an invitation to address the convention, 
briefly, in favor of Omaha as our next meeting place. 

Professor Owens : Mr. President and Gentlemen, 
I believe it has been some years since the association 
has held an annual meeting in the West — some five 
years, I believe, or will be at that time. 1 believe 
that Omaha will offer exceptional facilities next year 
for holding such a meeting as the annual meeting of 
this association. I believe the membership in the West 
will be strengthened. I know the geographical center 
is about Omaha ; not of the membership, however. 
As stated in President Wattles's letter, it will be 
attempted to make electricity the feature of this 
exposition. Those manufacturers who have been com- 
municated with have signified their willingness, and 
desire to participate largely in this exposition. The 
railroad rates will be exceptionally good. Omaha is 
only one night's ride from Chicago, and the author- 
ities of both the exposition and the city of Omaha 
will extend every courtesy to the association if you 
will do us the honor to come to Omaha at that time. 

The President: Mr. Evans Woollen, a gentleman 
from Indianapolis, is here to represent the claims of 
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that citv. If he is in the room, I should like to 
accord him the same courtesy. 

Mk. Woollen: I thank you, Mr. President. My 
first promise, gentlemen, is that I will not take more 
than a minute and a half or two minutes of your 
time. Admiral Brown, when he was retired from the 
navy a week or two since, announced that he intended 
to spend the rest of his life in the most beautiful 
citv of America. It is to that citv that we have been 
sent to invite you to come for your next meeting. 
We were sent — my colleague, Mr. Perry, and myself — 
by the Commercial Club of Indianapolis, whose mem- 
bership includes 1,000 business and professional men. 
and whose bank account justifies our promises. The 
promises that we make you are not made irres|>on- 
sibly. We were instructed by the club's board of 
directors to promise you that if we are honored by 
the acceptance of our invitation, your comfort and 
pleasure will be provided for adequately. You may 
ask the sound-monev democrats how their convention 
was entertained last January ; and I am assured by 
Mr. Perry, my colleague here, the secretary and treas- 
urer of our light and power company, that we can 
also promise you an exhibition of one of the best 
central stations in the country. There are three facts, 
gentlemen, to which I wish to call your attention : 
First, that, according to the census of 1890, the exact 
center of population of the United States is twenty- 
three or twenty -four miles from Indianapolis; second, 
that sixteen competing railway lines radiate, spoke-like, 
from our Union station, and. third, that four hotels 
of the first class afford metropolitan accommodations 
for at least 2,500 guests. We want you. gentlemen. 
Two of us have come several hundred miles to tell 
vou how much we want you. We want you. not for 
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the money that you will spend in Indianapolis, but we 
want you there that we may know you, and that you 
may know us and our beautiful city. We want you 
for the good things that we know you will say about 
us after you have experienced our hospitality. I thank 
you. 

Vice-President Clay : Mr. President, I am sure 
each delegate here appreciates the kindly spirit that 
has prompted these invitations for the association to 
meet at these respective places. There was also a 
communication presented this morning extending a 
•similar invitation from the city of Nashville, Tennessee. 
I believe that it will hardly be possible for this con- 
vention to select from among these three invitations 
the one that we should accept, and I therefore move 
you that the invitations be referred to the executive 
committee. 

The President : It is moved and seconded that, 
as is usual, the invitations be referred to the executive 
committee to be acted upon. Is it your pleasure that 
the motion carry ? 

Carried. 

The President : I might say here that a photo- 
graph of the delegates will be taken immediately after 
the close of the session to-morrow morning. 

Invitations to Mr. Stillwell's lecture, to be held in 
the Park Pavilion to-morrow evening, can be had 
upon application to the secretary. 



The President : I have much pleasure in calling 
upon Mr. Cahoon, of Elmira, New York, to read his 
paper, entitled **The Establishment of a Base Price 
for Current," a very attractive title and most interest- 
ing subject. 



THE ESTABLISHMENT OF A BASE PRICE FOR 

CURRENT 



NOTKS UN CENTRAL STATION DATA 

If we omit stations in the larger cities, where the 
population is concentrated, and let our minds wander 
over the general run of stations situated throughout 
the United States, how many of these, if they were 
asked the question, ** Does incandescent lighting pay ?" 
could answer the question affirmatively? Suppose the 
stations that are at present supplying their respective 
cities and towns with arc lights should have this 
source of revenue taken away from them, what would 
be the result ? Could they survive upon the incan- 
descent lighting that they do, combined with the 
|X)wer that they furnish for stationary motors ? I 
think we may safely answer, No. The money-earning 
factor of the station would have disappeared ; there 
would remain but the chaff. From one quarter and 
another we hear rumors of this and that town deciding 
that they think it is for their best interests to become 
owners of their own electric light plants for lighting 
their streets ; and no electric light station exists at 
present but is subject to this menace ; a turn of 
the wheel may bring them face to face with a crisis 
of this kind any day. The stations were built in 
good faith and the owners expect to obtain a fair 
return for their investment ; such returns at the present 
time come largely from the fact that they have a 
contract with the city for arc lights, which yields 
them a good revenue and a fair profit on their invest- 
ment, and in many cases the arc lighting is the only 
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branch of the station that really pays, and upon it is 
thrust the burden of carrying the whole company. 
The incandescent lighting either does not pay expenses, 
or just barely does so, while in a great many stations 
the amount of power sent out over the lines for the 
operation of stationary motors is not enough to count 
as a very serious factor in the operating receipts or 
expenses. To bring incandescent lighting up to as 
profitable a basis as arc lighting is a serious problem, 
now j:hat the people are accustomed to obtaining 
incandescent lights so cheaply, and certainly some 
stations are so situated that they can not do it ; 
others can by making a fight for it. Certain classes 
of stations are still giving flat rates in many instances, 
and the solution of the problem for them is to change 
over to meters and make the meter price one that 
will be equitable, both to the company and to the 
consumer. Where the charge has been too high, there 
will be, of course, no opposition encountered to a 
reduction, and in such cases it will be necessary for 
each company to study the situation carefully and see 
whether it is wise for them to continue charging the 
high rate or to change over to a just rate, founded 
on a substantial basis, and give the customer the 
benefit of the reduction. In such cases it is a 
question as to what is the best policy for the 
company to pursue. If it be decided that it is good 
policy to make a reduction to an equitable rate, then 
on what basis shall the company work ? The thought 
has occurred to me, that it might be wise for the 
convention to adopt what may be called a standard 
rate, based on some factor or factors that will admit 
of application to every' station in the country. 

A careful analysis of the prices paid per kilowatt 
hour for incandescent lipht in different sections of the 
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country, seems to show that, in many instances, prices 
charged are based upon what somebody else has 
charged, rather than on what ought to be charged in 
view of the cost of the principal items entering into 
the operating expenses at each particular place. The 
two main factors that enter into operating expenses 
are wages and coal. If we separate wages into their 
natural subdivisions — administrative, distributive and 
productive — we find the amount expended directly for 
producing the current to be the dominating one in 
the matter of the cost of furnishing current to the 
consumer. Comparing the productive wages, we find 
that in different sections of the country there is very 
little variation in the amount paid to the engineer, to 
the fireman, to the coal-heaver and the auxiliary help 
in the machme-room, so that, for practical purposes, 
it would not do to base the price of current on this 
factor alone. It is necessary, therefore, for us to 
look farther and seek some factor that shows a 
decided variation, and, at the same time, is one of the 
principal factors in the cast of producing current. 
The factor that seems to fulfill such conditions is 
coal. A glance over prices paid for coal in different 
sections of the country shows a very wide variation, 
and, at the same time, a consideration of the coal 
itself, as to its quality, shows a variation in evapo- 
rative power per pound of coal ; which variations 
ought, strictly speaking, to enter as a factor in deter- 
mining price, and, in order to get accurate results, 
should be so used : i. e,, placing evaporative power 
of first quality coal at 12, then the price paid for coal 
should be multiplied by the ratio between 12 and the 
evaporative power of the coal used to determine the 
true value for cogiparison. 

In determining a base price which should be 
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charged per kilowatt nour, it is necessary to start 
witli some kind of coal at a certain price, and which 
enters as a certain per cent into the operating 
expenses. For this purpose, bituminous coal, with 
evaporative power of 12 and price $2 per ton 
delivered at the bunkers, has been taken, and it is 
assumed that with this coal at the price mentioned, 
it enters as a factor at practically 25 per cent of the 
total cost of operating expenses of the company, said 
operating expenses including every expense attendant 
upon the production and distribution of the current 
and the administration of the company, also including 
taxes and insurance, but not expenditures for wiring 
of buildings or fixed charges. For example : 

Assuming cost of operating expenses at $40,000, 
cost of coal as $10,000 at $2 per ton, we obtain the 
cost of coal as 25 per cent of the operating expenses. 
This gives one point of a curve which may be plotted 
for showing the effect of variations in the price of 
coal, other expenses remaining the same. Going 
further and plotting a curve on this basis, if the price 
of coal is $1 and other expenses remain the same, 
we then have the total cost of operating expenses as 
$35,000, of which coal is $5,000, or 14.28 per cent. 
If coal is $4 per ton, the operating expenses are 
increased $10,000, and total operating expenses become 
$50,000, of which coal costs $20,000, or 40 per cent. ' 
In a similar manner, using other per cents, other 
points may be determined and curves drawn through 
these points, the curves partaking of the form of a 
parabola passing through the origin ; such curves are 
shown herewith ; the division of the scale of ordi- 
nates being dollars, and of the abscissa per cent. 

If, now, we fix on 20 cents per kilowatt hour as 
the price which the consumer should pay on a basis 



of coal of evaporative power 12 and price $2 per ton, 
then if the same quality of coal can be obtained for 
$1 i>cr ton. the price per kilowatt hour should be 
multiplied by one minus the per centum corresponding 
to the price of $1 per ton, or 20 x(i — .1428) = 17.144; 
and if the price of coal be doubled, or $4 per ton, 
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the price per kilowatt hour should be 20 x(i + .40) = 28; 
the rule being to make the price, where fractions are 
obtained, the nearest whole number: thus, coal at $1 
;,'ivfs 17 cents |>er kilowatt hour. Similarly, the 
price that wc should charge for arc lighting and power 
should be referred to the same standard. It should 
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be clearly understood that the above assumption of 
coal at $2 per ton, and entering as 25 per cent of the 
total operating expenses, is only made for the purpose 
of obtaining a starting point to present this idea to 
the members of the convention. In order to work 
on a satisfactory curve, and one that will fit the con- 
ditions of individual stations, each must figure out 
what per cent of their operating expenses coal would 
be if they had to pay $2 per ton for standard coal, 
and start with this per centum as a basis on which to 
determine the proper curve for their own particular 
case. 

Suppose each station were to make such a curve, 
and from it work out for itself the price which it 
should charge for current, and compare the price so 
obtained with the price that it is actually getting. 
This would then show whether the price should be 
advanced, in order to show a fair margin of profit. 
This is offered to the convention as a suggestion for 
the purpose of bringing the subject up for discussion 
and for determining whether, in the opinion of the 
convention, it is advisable to establish such a basis, 
and, if it is wise to so establish a basis, whether it 
should recommend its adoption to the members. 

Intimately connected with the price that should be 
charged, is the determination of the cost per kilowatt 
hour. Each station has certain blanks which they 
use, largely with the view of enabling the superin- 
tendent or manager to determine the output and its 
cost, and it seems to me that the question of * such 
blanks offers a fruitful theme for discussion. There 
are numerous blanks used in many stations that are 
merely for the purpose of keeping track of supplies, 
etc., and of which it is not necessary to treat, as each 
station manager has his own ideas on this subject. 
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and they concern no one but his own company ; but 
the question of blanks for showing output of the 
station and ils cost is one that may well be discussed 
by the members of the convention, and an effort should 
l)C made to secure a standard set of blanks that will 
show these points in such a clear way that the infor- 
mation may be available for comparison and discussion 
in the conventions. I present herewith specimen 
blanks which show the system designed for our sta- 
tion, and among them will be noticed two forms of 
dynamo tender's report, marked A and B, respectively. 
The former we used prior to putting recording watt- 
meters on the alternating circuits, and the other, which 
we are now using, since the introduction of the watt- 
meters. The first blank entailed a considerable amount 
of work, and necessarily gave only an approximate 
result, but it was better than having no record 
at all, and, in one sense, the second blank, marked B, 
gives an approximate result also, as no recording watt- 
meters are used on the arc circuits. You will note 
on blank marked A that hourly readings of the alter- 
nating-current volt and ammeters are taken from ten 
o'clock p. m. of one day to three o'clock p. m. the 
next day, this being during the light-load hours, when 
the variations are small ; during the heavy-load hours, 
from 3 p. m. to ID p. m., half-hourly readings arc 
taken. Many of the smaller stations would not feci 
warranted in going to the ex|>ense of purchasing 
recording wattmeters for their incandescent circuits, and 
for this class of stations this form of blank is recom- 
mended For the larger stations, which can afford 
to keep more accurate records, Blank B is recom- 
mended. Blank C, the engineer's daily report, is 
probably the same in substance, if not exactly so in 
form, as is in use by a majority of the stations at 
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the present time, and will be found, it is thought, suf- 
ficiently complete to give the results sought for with- 
out going into too many details. 

Blank D is the superintendent's daily report, and 
is intended for the larger stations having a general 
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manager, and is designed to give the latter a general 
idea of what has been done, what has been used, what 
material has been received, what is required and for 
which requisitions in due form will be made out. 
Blank E is the superintendent's monthly report made 
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to the general manager of lai^e companies, but should 
be made out by superintendents of small companies 
also and filed in a book kept for this purpose, so that 
they may at any time turn to it and get any informa- 
tion that is desired, or make comparisons between the 
output and cost from month to month. The main 
feature of this blank is that in a comparatively small 
space it gives the total cost of operation of the 
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Station for the month, the total amount of supplies 
used, the output of the station, the number of new 
lamps, motors, etc., connected, and also the loss, if 
any, in either lamps or motors. From the office the 
manager will have the report of the amount billed out 
for the current used for incandescent and arc lamps 
and motors during the month, and, bv comparing the 
two, can readily ascertain whether the business for the 
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THE ELMIRA ILLUMINATING COMPANY. 



Superintendent's Monthly Report. 

RP.CEIVBD 
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month, as a whole, has been conducted on a profitable 
basis or at a loss; whether there has been an increase 
in the business ; whether too much has been expended 
in one direction and not enough in another, and, in 
fact, can, in a brief space of time, analyze the entire 
business for the month in such a way as to give him 
the information that he needs, in order that he may 
intelligently conduct the business to a successful issue. 
Mr. Cahoun : 1 would say in addition, with rej;ard 
to that superintendent's monthly report, that ii is a 
sort of cosmopolitan thing, which 1 obtained from 
working over the reports of about sixty different sta- 
tions. Each man has his own particular ideas on the 
subject, and the only object in putting these in is to 
bring this subject up, and see if we can not get a 
standard set of blanks for the particular data that we 
want to discuss m convention. Gentlemen. 1 thank 
you. 

DISCUSSION 

The President : Gentlemen, the paper presented 
by Mr. Gaboon is now open for discussion by the 
members. Mr. Beggs, you have had. to my knowl- 
edge, a great deal of experience in the preparation 
of central station blanks and the conservative direction 
of institutions of this kind ; 1 should like to hear 
from you with reference to the matter. 

Mr. Beg(-s: I understand that the matter of 
uniform blanks is to be discussed later in the meet- 
ing ; probably when we come to the discussion of 
the question of rates for current, it will come up 
naturally in that same relation, so I would rather 
defer what I have to say on the subject until then. 
I would say. in a general way. however, that I thor- 
oughly concur in the desirability of having uniform 
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blanks prepared, by which diflferent stations, of the 
same general character and under the same conditions, 
might be enabled to compare the results they were 
realizing. I think I have taken occasion once before 
in this association — possibly several times — to say that 
much of the data obtainable in these associations is 
absolutely worthless for the purposes of the great 
majority of stations over the country. It is not at 
all applicable to their conditions. We hear very 
much of the results obtained in the very large sta- 
tions, and many station rtianagers naturally become 
discouraged, and their stockholders disheartened, 
because they cannot attain to the degree of perfection 
of economy that seems to be realized in the large 
stations, when, possibly, under the conditions with 
which they are contending, there is better evidence of 
management apparent in the small stations than 
there is in the large ones about which we hear so 
much in the electrical journals. It has been my duty 
in the last twelve, thirteen or fourteen years that I 
have been in this business, to be interested in some 
of the largest, and in quite a number of the very 
smallest, stations ; and the people running the large 
stations have no conception of the difficulties with 
which the managers of these small stations have to 
contend, and how much more difficult it is for them 
to show results. I think that when this matter was 
before the association twelve months ago, and dis- 
cussion was had regardmg the information that the 
Committee on Data obtamed, I took the ground then 
that much of the information as obtained was abso- 
lutely valueless, because you could not tell by the 
numbers where the location was, nor what were the 
conditions under which they were laboring. For 
instance, I have what might possibly be called the 
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honor — certainly a very onerous duty at the present 
time — of managing what is a comparatively large sta- 
tion. \'ou would possibly think — and that is some- 
what different from what my stockholders think — that 
it was very uneconomical management if I should 
tell you that with the best coal produced in this 
country for producing stcam^ — and I refer to Poco- 
hontas coal, run of mine and selected at that — of the 
gross receipts of that company in the year 1S96, 
twenty-five per cent went to pay our coal bill. Yet 
there are some people that do think I am a pretty 
fairly economical manager. Now, if I were to give 
that datum — let it go forth in this committee's report 
that was presented here this morning — much of the 
K'IBP wd that I have made in the last twelve or thirteen 
would, I presume, be dissipated ; and yet I 
, and those that are conversant with the con- 
ditions know, that there is no station in this country 
— and I say it advisedly — managed under the con- 
ditions with greater economy than that is. But with 
wasteful apparatus, with conditions under which we 
have been tr>'ing to hold a company together until 
such time as it might be demonstrated either that it 
had the capacity tu earn a rfttum upon a fair amount 
of capital invested, if invested properly in a proper 
station, or else demonstrated that it could not be 
done — we have had all those things to contend with. 
It has. however, now been demonstrated, gentlemen, 
that even under .those conditions, paying iwcniy-five 
per cent of our gross receipts for coal, and that of the 
best quality, we last year made such a return in that 
station that the stockholders are now willing to put 
up between $500,000 and $600,000 to build a modern 
station in that city, with which to show a comparison. 
I say it with no disparagement of other engineering 
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concerns or engineers, but our estimate is that with 
the new station, the plans for which are under con- 
sideration at the present time, with what cost $54,000 
for fuel last year, that same measure of business we 
expect to produce, kilowatt for kilowatt, for $18,000; 
simply by the difference in the character of plant that 
is to be constructed, and the different character of 
apparatus that shall be used in the station. There- 
fore, Mr. President, in the preparation of any system 
of blanks, it is very important that these differences 
in condition should be made to appear, not only that 
the price of coal and the quality of it should be 
taken into consideration, but the type of the appa- 
ratus that is being used. I believe I had part in the 
preparation of the first blanks that were prepared in 
this country by which any uniform system was 
attempted to be obtained, and which I believe were 
largely prepared by a gentleman who is on the floor 
of this convention. I refer to Mr. J. H. Vail, who 
was the first superintendent and engineer of the old 
Edison Electric Light Company — the parent com- 
pany ; now the manager at Philadelphia. I believe 
that he and I labored over a set of blanks some 
twelve years ago, week after week, trying to get them 
made uniform. Many of the ideas then suggested have 
been followed upon, modified in v^arious ways. This 
is a question, therefore, that requires a great deal of 
consideration, and it seems to 'me that it is one which 
would be well worthy of a special committee of this 
association. I might say here, without divulging any 
confidences, that some of the larger stations in the 
country, and particularly those supplying current from 
the Edison three-wire system, have agreed upon and 
adopted uniform sets of blanks whereby the distri- 
bution of the various items of expense in the oper- 
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ation of stations are made exactly the same, and 
they exchange these blanks, or have them criticized, 
from month to month. They all see what their dif- 
ferent stations are doing, and there is nothing in the 
world better calculated to bring about an improved 
condition of station operation than some such plan 
as that, affording some blank of uniform plan under 
the same conditions. 

Mr. Coggshall: Mr. President, I recognize the 
great importance of standard blanks. As the matter 
will come up later, I now move a vote of thanks be 
tendered Mr. Gaboon for this valuable and interesting 
paper. 

The President : It is moved that a vote of 
thanks be presented Mr. Gaboon for his interesting 
and valuable paper, and that it be recorded on the 
minutes of the convention. Is it your pleasure that 
the motion be carried? And it is added that the 
discussion be continued later, after the other papers 
have been read. 

Garried. 



THEFT OF CURRENT, AND HOW TO DEAL 

WITH IT 



The President : The next item on the programme 
s the topic for discussion, entitled ** Theft of Current, 
and How To Deal With It." 

During the past year, when I have been looking 
into several matters and considering lines or directions 
in which work could be done that would serve the best 
interests of the members of the association, I was very 
much astonished to find that in hardly any state of the 
Union was there provision made in law for. the pun- 
ishment of any person that would deliberately steal 
current from the street mains or otherwise. It seems 
to me that that is something which should be provided 
for. I know that in Canada we have provision made 
for the theft of current, and it seems to me that a 
question of this kind should be taken up by the asso- 
ciation, and that the different members should work 
together, so that there could be a clause added to the 
criminal code of the diflferent states providing for the 
punishment of this oflFense. Mr. T. C. Martin was 
speaking to me in reference to this matter this morn- 
ing, and had with him the draft of a law that has just 
been passed in one of the states. Is Mr. Martin 
present? I have much pleasure. Mr. Martin, in request- 
ing you to mention to the meeting the points of which 
you were speaking to me this morning, in refer- 
ence to the theft of current. 

Mr. Martin : Mr. President, I mentioned to you 
this morning that I believed I had copies with me of 
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the bill which has just been passed by the State of 
Connecticut penalizing the theft of current. I thought 
I had copies with me, l>ut, on searching my valise, ! 
do not tind them. I can say. however, that the hill 
was brought up at the last session of the Connecticut 
Legislature, and was referred to a committee, was 
approved, and returned to the lower house and passed, 
was sent up to the senate and was passed there ; went 
through both houses, I understand, with very little 
opposition from any quarter, and, within the last ten 
days, I think, the bill has received the assent of the 
governor, and is, I presume, now part of the law of 
the State of Connecticut. I received the copies of the 
bill so late that, though 1 thought I slipped them into 
my valise, 1 do not find them. I published the orig- 
inal draft of the hill, however, in the paper that I am 
connected with, some two or three weeks ago, and. as 
1 remember it, there was a small money fine attached 
to the offense, or a short term of imprisonment — quite 
short. The bill seemed to me. at that time, weak in 
regard to the requirements as to proof of theft. 
Whether that feature has been improved in the bill 
as made law. 1 am not able to say. 

1 had some conversation not long ago with my 
friend. I think known to most of you. Mr. Russell B. 
Harrison, who had encountered the difficulty of theft 
of current at Terre Haute, and I found that, although 
the cases (there were more cases than one) were pretty 
well proven, he had hesitated to bring action, because 
he was advised by his lawyers that, under the existing 
state of the law. it would be very difficult to bring 
home the offense, and if it were brought home it 
would be difficult to secure a conviction within the 
law as it then stood. There have, however, 1 believe, 
been one or two convictions, and, at any rate — in 



88 

Louisville, Ky., I think it was^ — a saloon-keeper having 
stolen current recently to supply a fixture in front of 
his saloon, having tapped onto the adjacent mains, 
the case coming before the court, his counsel moved 
for a dismissal of the case, on the ground that it was 
not in any v^rise a statutory offense. The judge dis- 
missed that as absurd, and held the offender for trial. 
Whether the case has since come up or not, I am not 
able to say. I believe that is all I have to report 

Mr. Ayer: Mr. President, I think the time is 
opportune for the association to take action in this 
direction. We have some little legal talent connected 
with the association, and I would suggest that a com- 
mittee be appointed, with a view of composing that 
committee of lawyers, for the purpose of drafting suit- 
able legislation, or for outlining the points to be cov- 
ered, for statutes in the different states, and that the 
secretary supply members with copies of the result of 
their work. I think we can venture to draw on the 
good nature of friend Armstrong and some others in 
this direction, very much to the profit of the associa- 
tion, and I offer this as a resolution. 

The President : Your object, then, as I under- 
stand it, Mr. Ayer, is that a bill be drafted by the 
association, which would meet the requirements of the 
offense, and that it be uniform, if so passed in the 
different states, instead of having one law in one state 
and another in another state, and so on ? 

Mr. Ayer: To be something drafted by people 
who are familiar with the law in this respect, with its 
weakness, with the elements that have entered in to 
defeat the prosecutions heretofore. I would have that 
offered as a standard, and interested members in the 
different states can endeavor to have it enacted into 
law by their legislatures ; and, if it is uniform through- 
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out the United States, incorporated into a bill wherein 
the essential points are conspicuous and not changed, 
we shall then have legislation in one state which 
would be quoted and which would be valuable, of 
course, in other states in confirming and assisting in 
securing such a law — make it simpler to prosecute, 
and all that. It would be an easy way to get simul- 
taneous action throughout the country. 

Mr. Young: Mr. President, in relation to the law 
that has just now been passed in Connecticut, it hap- 
pened to be a duty of my own, as treasurer of the 
Connecticut Electric Lighting Association, 4o have 
this particular bill drafted, and it was drafted by the 
attorney for our association, and it passed, as Mr. 
Martin has stated, without any serious opposition 
through the legislature of our state, and has been 
signed by the governor. The penalty attached is a 
fine of fifty dollars or imprisonment for thirty days, or 
both. We found it very necessary to have a law 
of that kind passed in our state, and we took active 
measures and successful measures to have it done. 

Mr. Stetson : If it is thought well to appoint this 
committee, I might say that it would be well to exam- 
ine the law that is in force in Massachusetts. Last 
year, or the year before, the law was made to apply 
to the theft of current the same as to the theft of 
gas ; and it gives me pleasure to report that a man 
that had ordered out his meter, and had put in wire 
to occupy the space that the meter previously 
occupied, and had gone right on with the lighting 
business, — I put the matter into the hands of the 
circuit court of our city, the judge heard the case, 
and it cost the man fifty-five dollars to get about 
fifty cents worth of electricity. A singular thing 
about this case was that the man that drew the law 
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was the counsel of the man that stole the electricity ; 
and he came up with some very learned legal points, 
arguing that the whole indictment ought to be quashed, 
and something that I didn't know anything about. 
But our judge sat down very squarely on all that, and 
landed the man just where we wanted him to be, and 
the moral effect on our community has been very 
good. I should advise a study of that law. I see 
that Mr. Barker, of our commission, is here. Per- 
haps he could give a better idea of the details of the 
wording of the law than I should be able to do, 
although it has been very satisfactory in its working 
in my case. 

Mr. Barker: Mr. President, I do not think I can 
add anything to what Mr. Stetson has said. The law 
was promoted, I think, by the eflforts of the Massa- 
chusetts Electric Lighting Association. It was passed 
by the legislature with practically no opposition, and 
perhaps the passage of the law was aided by the fact 
that a law prohibiting such theft of gas had been upon 
the statute books for a number of years. I think the 
courts in our state have held that it is not a common- 
law oflFense to purloin gas, and, therefore, they would 
be likely to hold in the same way in respect to elec- 
tric current ; but the statute seems to be a sound one. 
I think there have been a number of prosecutions 
successfully carried out under it in our state — if I 
mistake not, in the city of Lynn. It has been in 
existence for a couple of years, and is modeled after 
the law* prohibiting and punishing the theft of gas ; and 
I think the general opinion is that it is a good law. 

Mr. Martin : Mr. President, Mr. Stetson's sug- 
gestion moves me to believe that perhaps it would 
be a good thing if I could supply the omission of 
bringing the bill with me by placing it in the hands 
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of the official stenographer. That would make it a 
part of the transactions, and in that way it would very 
quickly reach a great many members of the associa- 
tion who are not here, and other electric lighting men 
throughout the country who are very much interested 
in this question, as I know from the number of let- 
ters that I have received on the subject, — and I can do 
that immediately after the rising of the convention. 

The President : We shall be very pleased to have 
the draft of the bill, Mr. Martin. 

Mr. Martin: Cases of theft seem to be getting 
daily more numerous, and now that we are threatened 
with the application of it, in large quantities, for the 
purpose of burglarizing safes, it seems to me that it 
would be well, perhaps, to protect ourselves before 
that new industry gets upon its feet. 

Mr. W: p. Engel (of Charlotte, Michigan) : Mr. 
President, with your permission and that of the mem- 
bers, as I am not a member of this association, I 
would say that legislation has been inaugurated in 
the State of Michigan upon this subject, through the 
efforts of several central station men, and the Munic- 
ipal Light and Power Company, of Grand Rapids, 
sent out a circular which embodies a law called 
••House Bill No. 955, Legislative Session of 1897." 
That law embodies punishments, and it also includes 
gas, water and electric current. I have a copy of it, 
and if a committee is appointed I will deliver this 
to them, that they may look at it ; or it may be read, 
if you so choose. 

The President: We shall be very pleased to have 
you hand it to the secretary. 

Mr. Beggs : There are many important considera- 
tions in connection with this subject. I have been 
instrumental in having one conviction brought about 
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in the city of Cincinnati, although the Ohio law is 
somewhat indefinite upon the point. We could only 
proceed under the law that was passed for tapping 
wires for an entirely different purpose. But this case 
was so clear that we brought the action. I believe 
that was the only statute in the State of Ohio. Our 
counsel is quite an eminent lawyer — ex-Governor 
Foraker, now Senator Foraker — but we had great dif- 
ficulty. But our principal difficulty is in tampering 
with the measuring instruments themselves ; not so 
much tapping the wires, — taking the current direct, as 
Brother Stetson suggested —but tampering with the 
measuring instruments. Therefore, when a bill is 
drawn, it seems to me that it should be broad enough to 
cover every condition under which a man attempts, not 
only to steal current, but in any way to tamper with 
the instruments employed for measuring, Which is the 
most prolific source of loss to the central station. In 
the case I referred to, we prosecuted the man, and I 
believe he was subjected to a fine of fifty dollars. 
But our greatest difficulty was to have the grand jury 
even bring a bill against him, because of his political 
pull. He was a prominent saloon-keeper, and if we had 
not had, through our counsel, a stronger political pull 
even than he had, we could not have convicted him 
at all. It required very peremptory orders, sent four 
or five times to the district attorney, to have that 
case presented to the grand jury, and I think it stayed 
there for several months. But it was a saloon in 
which we had never even furnished the current ; he 
had been cut off by one of our competitors for non- 
payment of bill. Our lines happened to cross near 
the rear end of his premises ; he threw out a 
grappling hook and got connection on there, and 
lighted himself for several months in that way. There 
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was really no law in the State of Ohio except we 
prosecuted him upon the charge of tapping wires 
under a law that was passed for the protection of race 
courses and things of that kind. There is nothing for 
electric lighting companies. 

Mr. Clay : I believe, Mr. President, the motion 
is to refer this matter to a committee. I fail to see 
how any such committee could accomplish any results 
satisfactory to the members of this association, owing 
to .the fact that the conditions differ in the various 
states of the Union. The fact has been made known 
here, however, that, in a number of states, there is a 
statutory law making it a criminal offense to steal cur- 
rent, or to interfere in any way with electrical devices 
or apparatus. The president states that they have 
such a law in the part of Canada whence he comes. 
Two years ago we put upon the statutes of Pennsyl- 
vania a law that makes it a misdemeanor, punishable 
on conviction by fine and imprisonment, for any per- 
son to take current, or in any way to interfere with elec- 
trical apparatus. Now the thought has occurred to me 
that we could best accomplish the end we have in view 
if the secretary would request the delegates here from 
the states that have satisfactory laws upon this subject 
to send copies thereof to him, and have all these vari- 
ous statutes printed in the proceedings of this conven- 
tion, as an appendix or addenda for reference and for 
information. In that way, the members of any state 
having no such law, if they desired to make an effort 
to have one enacted, could have what has already 
been done in other states as a guide. I believe that 
in that way you could accomplish better results than 
you could possibly bring about by referring the matter 
to a committee. 

Mr. Aver: In suggesting a committee, I had 
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in mind that it was wise to put this into the hands 
of men who were informed as to the electrical 
requirements as well as the legal points. It seemed 
to me that it went without saying that any lawyer 
who would be a member of that committee would 
naturally gather together all such data of this nature 
as were available, and out of the whole evolve a law 
that would be much better than would be likely to 
be evolved by lawyers or counsel of electric com- 
panies to whom interested members of the association 
might submit even the grouping of a lot of laws. 
The very point that is raised by Mr. Beggs — that it 
is desirable to cover not only the stealing of the cur- 
rent, but the tampering with the measuring instru- 
ments^ — is a thing that should be embodied. The 
points that we are raising here in this discussion are 
all being absorbed by Judge Armstrong, and from 
these various explanations he will be enabled to com- 
pile an outline for a law that will cover the points. 
This seems to me much better, and a method that 
will accomplish our object much more quickly 
throughout the country than anything that could be 
accomplished in the other way. 

Mr. Beggs: I agree with Mr. Ayer's suggestion 
as to the desirability of having a committee appointed. 
They would naturally get before them all the legal 
enactments bearing upon this subject, and, knowing 
from practical experience what the conditions are and 
the sources of stealing, they could at least give us an 
outline of a law that might be suggested to the 
various states through the various state organizations, 
wrth whom I think the secretary of this association 
should be in very close communication ; and with 
these various state organizations giving them the 
drafts of their several bills, I should think that a bill 



might lie presented that would cover these various 
practical points. These matters are too often taken 
up without the knowledge that Mr. Aver has sug- 
gested, and we get a bill passed that doesn't cover 
the ground at all. 1 should, therefore, very much 
like ID see a committee of (his association appointed 
to draft the outline of a law tha't might he followed 
pretty uniformly throughout the United Slates. 

Judge Armstrong: From what has been said in 
relation to the various laws that have been passed, I 
judge that the penalty is grossly inadequate. You know 
there is an old adage, that where there are twelve lawyers 
there are always thirteen opinions. But I am strongly 
under the impression that if a grand jury should return 
a bill of indictment for larceny to my court against a 
man (or tapping a wire and taking power, and the jury 
believed that he had done it, I should not hesitate 
to sentence him for larceny under the law as it now 
stands. There is nothing in our state that I recall 
— no decision of the Supreme Court — that would 
prevent that thing. This proposed hill in Michigan 
and the one in Connecticut make it a slight misde- 
meanor only. If a man steals above thirty dollars, 1 
think it is, it is grand larceny, and he may be impris- 
oned for from two to five years, depending on the 
circumstances. Here, in this bill, three months and 
one hundred dollars, is the maximum penalty. In the 
Connecticut bill it was fifty dollars. The difTiculty 
about our taking it up would be in the way of recog- 
nizing that the courts have declined to hold it as a 
crime. It would be our representative body admitting 
that the power communicated by the wires and the 
cables was such an intangible thing as to have no 
property in it, if you take this action. That is what 
the courts have held. They have said : " Well, we do 
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not know what electricity is ; nobody else 'knows what 
it is, and therefore it isn't anything, and nobody can 
have any property in it. It is as free as air, and as 
independent of ownership as light or water ; and, that 
being the case, no one can steal it ; that being the 
case, the diversion of it cannot be a crime." If we 
are to do anything in the line of legislation, I think 
it ought to be this : To pass bills to prevent frauds 
upon lighting, water and power companies, say, and 
let it apply to any person who, by any device or con- 
trivance, seeks to deprive them of their revenue or 
interfere with their apparatus, and so on ; not by any 
act of ours recognizing that up to this time it has 
been no violation of the common law to take cur- 
rent, to take power ; up to this time it has been 
no offense, and is only an offense now because the 
legislature has, in its wisdom, said so. I am not will- 
ing to admit that ; I do not think that any of us 
ought to be willing to admit that. But we can with 
propriety, if it is thought advisable, recommend legis- 
lation to prevent frauds against these companies, the 
same as they have to prevent frauds against railroad 
companies in some places, you know, in the sale of 
tickets by scalpers. I believe, however, the title of 
those acts is always '*to prevent frauds against trav- 
elers." I believe that is the way it reads in the title 
of the acts. So we might have to borrow from that 
suggestion and make the title of our act read in that 
way. But what I want to do is to protest as 
strongly as I can to this association against their 
recognizing by anything they do the propriety, if I 
may say so, of anybody's taking electric current the 
same as they would take in sunlight or air. That has 
been the idea upon which they have acted heretofore, 
and we may, by any act that we do, give a good deal 
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judges of the courts — those who are administering the 
law — know nothing about these mechanical contriv- 
ances — of course, don't know much about the scien- 
tific — thev do not have to know about it scientifically ; 
and there is that ignorance existing, which is present 
in our legislatures, present in everv court. And so, 
if we who are in this business start out admitting 
that there cannot be a theft of this thing, that there 
is no law to punish it, and, therefore, we want to 
have a new law made for it, don't vou sec how far we 
are going? If we were sup[)lying any other [)roduct, 
it would be fullv understood, and an indictment 
under the common law for larceny would thoroughly 
lie. 

The President: It has been moved and sec- 
onded that the chair appoint a committee of three to 
prepare a report upon this subject, and draft a bill 
that would be uniform and would apply to all the 
different states; and the mover .of the resolution also 
suggests that, as soon as that report be drafted, it be 
forwarded to each of the members of the association. 
Is it your pleasure that the motion be declared 
carried ? 

Carried. 
The President : The convention ordered this morn- 
ing that the report of the Committee on Standard 
Fllectrical Rules, Capt. William Brophy, chairman, 
should be presented this afternoon. I now call upon 
Captain Brophy, as chairman of the committee, to 
present his report. 



REPORT OF COMMITTEE ON STANDARD 

ELECTRICAL RULES 



Mr, President and Members of the National Electric 
Light Association : 

At the nineteenth convention of this association, 
held in New York city, a committee, to be known 
as the Committee on Standard Electrical Rules, con- 
sisting of five members, was appointed, with instruc- 
tions to select one of its members, or some other 
person, to represent the National Electric Light 
Association in the National Conference on Standard 
Electrical Rules. 

This committee was the successor of the one 
appointed at the fourteenth convention of this associ- 
ation, known as the Committee on Rules for Safe 
Wiring, and subsequently known as the Committee 
on Standard Rules for Electrical Construction and 
Operation, which was discharged on its own recom- 
mendation at the same time. This last named com- 
mittee has labored faithfully since its organization to 
bring about the much desired end, the establishment 
of a uniform standard set of electrical rules governing 
all electrical installations, to be enforced by the five 
insurance companies and municipal inspection bureaus. 
This task was no easy one for this committee. Its 
efforts met with fierce opposition from some, and 
indifference on the part of others. It received some 
encouragement from the press at times, and no small 
opposition at others. Some portions of the insurance 
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interests looked upon it with favor, but a large 
portion opposed its aims and purposes. The prin- 
cipal obstacles to be overcome were : 

Indifference on the part of those most deeply 
interested — those engaged in the electrical industries. 
They somehow believed that the fire underwriters of 
the country were more powerful than the municipal, 
state, or even the United States, governments ; that 
any law, edict or rule issued by them, whether right 
or wrong, could be enforced and must be obeyed. 
For the benefit of this class, your committee must say 
that such is not the case. The fire underwriters are 
the receiving and disbursing agents of nearly the 
whole of the people of the country, receiving their 
money as a consideration for indemnity against total 
loss by fire. The larger proportion of the money 
they receive is returned as partial compensation for 
the losses sustained ; the balance pays the expenses 
of the business and a varying amount of profit to 
the holders of stock and the policy-holders of mutual 
insurance companies. The greater the care in select- 
ing fire risks, and the more careful the supervision of 
them while insured, the greater the profit. 

The ne.xf obstacle to overcome, was the prejudice 
of the average underwriter against electricity when 
introduced into the property he insured. To those 
who witnessed the methods adopted by those who 
installed the first electric light, and know something 
of the losses sustained by the insurers and insured, 
this prejudice is excusable. Up to that time, elec- 
tricity had proved itself a useful and harmless servant, 
the only evidence of its ability to produce heat or 
flame being offered at the contact points of the tele- 
graph relay and key ; but when this very small spark 
was increased at the carbon points to such size and 
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intensity as to rival in brilliancy the sun's rays, its 
power for good and evil was wonderfully increased. 
Those who could keep under perfect control the feeble 
battery current, did not possess the necessary appli- 
ances or knowledge to keep this new form of elec- 
trical energy under proper restraint, while the fire 
underwriters paid heavy tribute to it in the form of 
burnt offerings and in the shape of indemnity to the 
policy-holders. 

Under such circumstances, who could blame these 
powerful bodies for taking alarm and looking upon 
the new candidate for public approval with disfavor? 
They were between two fires, as it were — those 
caused by electricity improperly harnessed, and that 
of enthusiastic admiration kindled in the breasts of 
their policy-holders for the electric light ; they would 
have it, even if it did increase the fire hazard. 
How to get out of this* dilemma was the burning 
question. They did not want to abandon a formerly 
profitable part of their business, but feared they 
must. Two remedies were tried : First, increased 
insurance rates was the penalty exacted for the intro- 
duction of electric lights. This plan proved ineffect- 
ual, because it did not prevent losses in excess of 
premium rates, and it opened up a new field for the 
illegitimate underwriter, who preys on the insurer and 
insured alike in the end. The second remedy proved 
more effective. They called to their aid some of 
those who were supposed to know how to lead this 
new and unknown force along the straight and nar- 
row path designed for it, and not permit it to wander 
into their domain and change fat dividends to heavy 
assessments. Such men were scarce, and most, if 
not all, of those engaged were obliged to learn by 
experience the best methods of procedure ; the same 
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can be said of those engaged in the electrical busi- 
ness. The acquisition of such experience, up to a 
few years ago, proved very costly to the fire under- 
writers and others as well. 

Gradually, fire insurance associations appointed one 
or more inspectors to examine the electric light wires, 
lamps and fixtures installed in their territory, and to 
enforce certain rules and requirements, generally made 
by themselves. With the rapid advance of the elec- 
trical industries, changes in these were inevitable, but 
lack of uniformity proved to be a crying evil. The 
best and most reasonable requirements were formulated 
in those sections of the country where the electric 
light had found a foothold earliest. Most of the 
inspectors, instead of profiting by the experience of 
those longest in the business, and adopting the rules 
formulated by them, insisted on issuing productions of 
their own, so that the so-called insurance rules differed 
as widelv as the excise laws of Maine and New York. 
Some sections of the country were fortunate enough 
to have men who were empowered to make rules and 
enforce them ; whose elevation to such position did 
not make them dizzy, and cause them to issue imprac- 
tical requirements, the enforcement of which did not 
always serve any good purpose, but made life a burden 
to those who were so unfortunate as to come under their 
jurisdiction, whether manufacturers, contractors or pro- 
ducers of electrical energy. But other sections were 
not so fortunate. Among all the burdens that those 
in the electrical business have had to bear in the past, 
the whims and caprices of the authors of insurance 
rules have not been the least. 

The loss of time and money, caused by conflicting 
requirements, became so great in time that a movement 
was inaugurated by this association for securing uni- 
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formity of rules — a codification of the best, and repeal 
of the productions of cranks and impracticals. This 
task was accomplished by your former committee, the 
result of their labors approved, and the first national 
code issued by this association. It was also adopted 
by the insurance associations, who thus recognized the 
good work performed. After the issue of this national 
code, it was thought that all the troubles here described 
were ended. Such, however, was not the case, for 
while the best representative men of the fire insurance 
associations agreed that the electrical engineers or elec- 
tric light superintendents were the proper ones to 
formulate rules and requirements, and the insurance 
associations should enforce them, there were others 
holding subordinate positions who could not bear to 
have this sentiment put in practice. As a result of 
such feeling, an organization arose, known as The 
Underwriters' National Electric Association, which has 
claimed the sole right to issue new or amend the orig- 
inal rules first issued by this association, and has. in 
the past, insisted that the electric and allied interests 
should have no voice therein. As time rolled by, and 
the organization increased in numbers, this sentiment 
changed somewhat, due to the influence of broad- 
minded, practical men, who are members of it, and to 
the efforts of your former and present committees, 
and last, but not least, to those of the National Con- 
ference on Electrical Rules, which was organized 
through the untiring efforts of the chairman of the 
Committee on Standard Rules for Electrical Construc- 
tion and Operation and his associates. 

As a result of our combined efforts, the last codi- 
fication of, and amendments to, the national code is 
the result of the combined efforts of the National 
Conference on Standard Electrical Rules and the 
Underwriters' National Electric Association. 
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The right to do this is what your committees have 
contended for in the past, and have finally obtained. 
Your present Committee on Standard Electrical Rules 
selected its chairman to represent you in the National 
Conference on Standard Electrical Rules, which was 
organized at a meeting held in the city of New V'ork, 
on March i8th and 19th. 1896, consisting of repre- 
sentatives of insurance, electrical and kindred interests, 
from the following organizations : National Electric 
Light Association, American Institute of Electrical 
Engineers. American Street Railway Association, 
National Board of Fire Underwriters, American Insti- 
tute of Architects, International Association of Fire 
Engineers, Underwriters' National Electric Association, 
Factory Mutual Insurance Association. American Soci- 
ety of Mechanical Engineers, Western Union Tele- 
graph Company, Postal Telegraph Company. American 
Bell Telephone Company, General Electric Company 
and Westinghouse Electric and Manufacturing Com- 
pany. The complete list of official delegates and 
organizations to whom invitations were extended, can 
be found in the report of the committee presented at 
the last convention, and published in the last volume 
of the proceedings of this association. 

That body appointed a committee on code, consist- 
ing of seven members, one of whom was your repre- 
sentative. To this committee was assigned the task 
of amending and codifying Standard Electrical Rules. 
At the time of the last meeting: of the National Con- 
ference upon Standard Electrical Rules, a large amount 
of work was done by representatives of the various 
electrical, insurance, architectural and allied interests, 
tending toward the adoption of the one single stand- 
ard code of rules. A pamphlet had been prepared 
embracing the various codes used most extensively in 
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this country and abroad, and, after these had been in 
substance considered, and many changes, omissions and 
additions suggested, it was deemed desirable that the 
results of the two days' careful discussion should be 
handed over to a special committee of seven, with the 
president a member ex-officioy which committee should 
draft a code based upon the lines suggested, and then 
refer the same back to the conference for its approval. 
Since the meeting of the conference, the commit- 
tee has, by meetings and correspondence, carefully 
taken up the work assigned to it. The most impor- 
tant meetings were held October i6th and 17th, 1896, 
and December nth and 12th, 1896. Between these two 
dates, /. e,, on December 8th and 9th, the annual meet- 
ing of the Underwriters' National Electric Association 
was held, and at the October meeting of the Code 
Committee, it was decided that the committee, through 
one of its members (Mr. Merrill), should submit the 
draft already prepared by them to the Underwriters* 
National Electric Association, to secure the benefit of 
their criticism and suggestions, and with a view of 
insuring a hearty co-operation on their part. It was 
so arranged that a joint meeting should be held, of 
our Committee of the Code and a committee from 
their association, to facilitate the preparation of the 
final draft of the code. This meeting, held in Decem- 
ber, ICS96, was very successful, and it was jointly agreed 
bv the two committees.: (i) That the title of the new 
set of rules was to be "The National Electrical Code;" 
(2) that the National Board of Fire Underwriters, in 
printing the code, should give on the inside of the 
cover due credit to the National Conference for its 
work, and place upon the cover the names of all the 
associations forming the National Conference, as fast 
as these bodies gave their indorsement of the code ; 



(3) that, as far as possible, the code should be left in 
the form as then presented, save that the classification 
as recomrhended be tentatively adopted, and, after 
being set up by the printer, be resubmitted in dummy 
form for final consideration by the members of both 
committees. 

The members of the Code Committee of the 
National Conference, having met in New Vork. May 
19th. 1897. passed the following resolutions: 

Resolved, That each delegate who attended the 
National Conference on Standard Electrical Rules be 
sent a copy of the Standard Electrical Code, stating 
that said code had met with the approval of the Code 
Committee of the National Conference and the Code 
Coitimittee of the Underwriters' National Electric 
Association, and stating the belief of our committee 
that there was no necessity for calling the conference 
together again as a body, entailing, as it would, a very 
considerable sacrifice of time and money, and request- 
ing their immediate reply if they acquiesce in this rec- 
ommendation and approve of the report submitted by 
the committee and by the president, secretary and 
treasurer of the conference itself. In the event of 
their objecting, and desiring that the conference be 
called together as a body to receive the committee's 
report, answer is to be made within ten days, or their 
opinion is to be considered as favorable, and the code 
reports published through the press by the Code Com- 
mittee, and each delegate represented at the conference 
requested to bring same formally before his association 
for approval. 

A meeting of the committee was held in liosion 
on the 5th instant, at which its previous action was 
ratified, and the code, as a whole, unanimouslv 
adopted. 
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The National Electric Light Association was the 
first to adopt and issue a national standard code of rules, 
and if it now adopts the new codification of them, it 
will be indorsing, not only the unanimous findings of 
its committee, but the unanimous action of the Code 
Committee of the National Conference on Electrical 
Rules, which conference was organized under the 
auspices of the association ; and, furthermore, it will 
be the first body represented in the National Confer- 
ence to do so, and your committee earnestly recom- 
mends that you give your approval. 

Respectfully submitted, 

Wm. Brophv, Chairman. 



DISCUSSION 

Cai>tain Brophv : Mr. President, I believe I 
was one of the original members of the first confer- 
ence, held at Cape May, to bring about this result. 
I have been a member of this committee from that 
time until now. I have labored faithfully to bring 
about this end. Sometimes, as 1 have described 
here, the task seemed almost hopeless, but 1 never 
was ready to yield the right of the men engaged in 
the electrical business to havx^ their say in the for- 
mation of rules under which they were obliged to 
install their apparatus. As I said before, 1 have 
given both time and means to bring about this end. 
I hope to see it consummated ; then I shall be satis- 
lied, and shall consider my work done. 

Mr. Avkr: i\s a member of this committee, I 
have been associated with Captain Brophv for a 
number of years, and there is no one that knows bet- 
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ter than I the immense amount of labor that he has 
devoted to this work. I realize, as all the members 
of the association do, the attitude of the insurance 
interests, the adoption of rules by those interests, 
their refusal to recognize the rules of this association, 
and our repeated efforts to bring about some sort of 
harmony, and feel now that we have not only done 
that, but that we have associated with us in indorsing 
the National Code of Rules the American Institute 
of Electrical Engineers, a body that has heretofore 
refused to consider this question, for the reason that 
they preferred to keep out of all commercial matters 
and keep the Institute free from any association with 
commercial factors whatever, as is the case in almost 
all institutions of a similar character. But thev have 
realized the importance of the subject, and have given 
their influence to bring about this common result, 
because they felt that it was necessary for the devel- 
opment of practical electrical work on proper lines 
that every effort, every power, every influence, should 
be brought to bear to bring about a universally 
standard code, and to avoid the unlimited amount of 
friction which had developed in the past. In addition 
to that, there is the National Board of Fire l.'nder- 
writers, the American Institute of Architects, the 
International Association of Fire Underwriters, the 
Underwriters National Electric Association, the Fac- 
tory Mutual — covering all of the important insurance 
interests — the American Street Railway Association, 
of course, as well — when all that has been accom- 
plished is taken into consideration, we realize the 
value of the work done. And I want to sav rieht 
here — and I cannot say it too strongly, I want to 
repeat it — that Captain Brophy is the man that has 
done it. We have all done a little pushing and a 
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little helping, but he has been the leader; it has been 
his baby from the beginning, until now he has got a 
well developed child. The rules are long. They are 
better than those we adopted at our last revision of 
the rules. They are not just what we want in every 
particular, — I do not think we shall ever get them 
so — but I think we can take no chances in unani- 
mously adopting the recommendation of the chairman 
of this committee, to be the first to indorse the 
national code. 

Mr. Seely : Mr. President, I should like to ask 
Captain Brophy whether the municipalities have not 
adopted these rules. In the city of New York, the 
fire department has an inspector of wiring, and I think 
he is present here ; I should like to hear from him — 
Mr. Henderson. 

The President: We should be glad to hear from 
Mr. Henderson, if he is present. 

Mr. Carnes: Mr. President, I should like to move 
the adoption of the report. 

Captain Brophy : I should like to answer Mr. 
Seely, that among other things I have tried to do in 
bringing this about is to inaugurate an association of 
municipal inspectors, so that they would act with 
every one else and have the thing harmonious. That 
will be consummated within a very short time. 

The President: It has been moved and seconded 
that the report of the Committee on Standard Elec- 
trical Rules be received, and the suggestions therein 
adopted. I might say that this is one of the things 
that, through the energy of our chairman of this com- 
mittee, has been brought to a successful conclusion 
this vear. It has not been the work of a vear, how- 
ever. From the very commencement, as stated by 
Captain Brophy. this work has been carried on by 
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him and by other energetic members of our associa- 
tion, from time to time, under the greatest possible 
difficulties. At first, the fire insurance parties would 
not receive any suggestions at all from the electric com- 
panies. They made their own rules, and they were, 
like the laws of the Medes and Persians, unalterable. 
But to-day we see that this association, through the 
chairman of its committee, has been successful, not 
only in having the rules adopted that were first pro- 
mulgated by this association, but that all the other lead- 
ing bodies of the country that are interested in such 
matters were willing to meet in a general conference 
to discuss these rules, and I think that it is with a 
great deal of gratification that we may assure ourselves 
that, if this resolution is passed to-day, we shall be the 
first to indorse the codification of the rules as agreed 
upon by all these various bodies, as we were the first 
to start the agitation. Is it your pleasure that the 
National Electric Light Association be the first to 
indorse this codification. 

Mr. Carnes: I should like to ask Captain Brophy 
— for information — if the adoption of these rules by 
the National Board of Underwriters does not commit 
and hold them, or does that license them to make 
additions hereafter, as they may see fit, for their 
inspectors, without the consent of this association ? 
They have no such right, have they ? 

Captain Brophy: No, sir; they have now con- 
ceded the right of others. 

Mr. Carnes: Why I ask the question, — we are 
very much annoyed in Tennessee by these little slips 
of paper issued by some unrecognized authority ; and 
the more ignorant the inspector with whom you have 
to deal, the more annoying become these little 
unauthorized slips, until it requires more patience than 
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most of us have to submit to it. I am now rather 
at war with the Board of Underwriters because I 
declined to recognize them. 

Captain Brophy : I will say that hereafter you 
can return the slips, and hold up this code as the one 
that you are called on to work under, and nothing 
else. 

The President : Gentlemen, are you ready for 
the question ? 

Mr. Bean : Mr. President, I would suggest that 
you ask for a rising vote on that resolution. 

The President: At the suggestion of Mr. W. 
Worth Bean, I would ask all in favor of adopting 
the resolution to indicate it by rising to their feet. 

The President : I declare the motion carried 
unanimously. (Applause.) 

The President : The next order on the pro- 
gramme is a paper on municipal lighting, by Mr. W. 
Worth Bean, of St. Joseph, Michigan. I will call 
upon Mr. Bean to read his paper. 



MUNICIPAL LIGHTING 



To ike President and Mcvtbcrs of the National Elcc- 
trie Lii^lit Association : 

The subject to which 1 would respectfully invite 
your attention is one of the most vital questions, and 
of the most momentous importance — not only to the 
profession to which we have the honor to belong, but 
also to various commonwealths of which it is our 
pride to be citizens — that has ever arisen in this 
advanced electrical era. Municipal ownership of elec- 
tric lighting plants, the most discussed of all the 
questions of municipal polity, is the more insidious 
that it comes dressed in the sheep's woolly garb of a 
philanthropist, which to the uninitiated and ignorant 
has an alluring and plausible aspect, but to the experi- 
enced are plainly visible the wolfs deadly fangs, which 
have, in every instance, sooner or later lacerated the 
taxpayer. The authors and promoters of this alluring 
scheme are either visionary theorists, who have no 
practical knowledge of its manipulation, or unscrupu- 
lous politicians who, desiring to pose as benefactors 
to the municipality, hope to ingratiate themselves in 
the hearts of the voter and thus secure political 
plums for themselves and their henchmen. That there 
are many honest supporters of this political fad who, 
having been deceived by beautiful but false refK>rts 
from cities which are experimenting with this question, 
are misled by political demagogues, is undeniable. 

The tidal wave is sweeping over our land, and 
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certain municipalities are now on the crest, but it will 
not .need the average period of depreciation in a 
plant for the wave to subside and leave the wrecks 
stranded with increased burdens and depleted treas- 
uries. Already cities have sold their plants, paying 
dearly for their experience, and others are looking 
for buyers, in order to unload their ** white elephants". 
Municipal ownership is contrary to the spirit of 
republican institutions. 

From the Declaration of Independence we read : 
** We hold these truths to be self-evident ; that all 
men are created equal ; that they are endowed by their 
Creator with certain unalienable rights ; that among 
these are life, liberty and the pursuit of happiness ; 
that to secure these rights governments are instituted 
among men." These are the fundamental principles 
of our republican form of government, and nothing 
therein can be construed to mean that government 
was instituted for the purpose of becoming a com- 
mercial producer. The framers of our Constitution 
had no idea that the government that they were 
establishing would ever enter the field of competition 
to the discouragement of private enterprise. The 
political demagogue of the present day would read 
the above extract about as follows : That all men are 
created equal — except central station men ; they are 
endowed with certain unalienable rights — except cen- 
tral station men ; that among these are life, liberty and 
the pursuit of happiness — except furnishing municipal- 
ities with electric lights; that to secure these rights 
and also municipal ownership — government was insti- 
tuted among men. No ! Government, whether national. 
State or municipal, was instituted for the purpose of 
protection and not production. It would be just as 
reasonable for the city to enter any pursuit, such as 
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farming, or as a grocer, or keep a sawmill Kj saw 
its own material for sidewalks or paving, or manu- 
facture shoes for its citizens, or run a saloon for the 
profit there is in it, as for it to enter the field of 
lighting. Just as sure as a nation becomes a com- 
mercial producer, competing against its own citizens, 
just so sure will the seeds of its own disintegration 
be sown. 

Municipal ownership is a source of danger to the 
commonwealth, in that it affords a great opportunity 
for fraud. Municipal corruption is so common and 
so well known that it needs no argument to prove 
the danger, of opening a new avenue of power in 
the hands of unprincipled public officials. In this 
business there are a number of important, and ought 
to be well salaried, offices, which can l>e used to great 
advantage by {>olitical manipulators to further their 
own ends to the detriment of the city. In the State 
of Michigan one political party had been in power 
for thirty-four years until 1891. A member of the 
old party was elected to the Senate and introduced a 
bill to benefit Coldwater, Michigan, and this has been 
the Mecca of the municipal advocates ever since. It 
has been the oasis in the desert where they could 
get sweet morsels to roll under their tongues to 
advocate the scheme of municipal ownership. I 
venture to say that more than a score of towns and 
cities have charged up expenses for the examination 
of this delectable plant, and from their own printed 
statements I am willing to qualify that the figures 
aAre not as they should be made. Reports come from 
Grand Haven, Michigan, that through political influ- 
ence a competent electrical corps has been discharged 
to make room for inexperienced friends of the 

•' powers that be '*. " To the victor belong the spoils " 
9 
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is a policy followed with unswerving fidelity by a 
great many city officials. Scandals from our great 
cities in regard to employes, inspectors, officials and 
boodle aldermen, should teach us to avoid throwing 
this enterprise, involving hundreds of thousands of 
dollars, and positions of the utmost importance to 
the city, into the maelstrom of municipal politics. 

Municipal ownership is unjust to the electrical 
plant now in the ^eld. The central station man has, 
through his industry, ingenuity and executive ability, 
built up a large enterprise. The city has invited him 
to invest thousands of dollars, not only of his own 
money, but also the money of its own citizens, with 
no immediate show of dividends, and, in some cases, 
barely sufficient income to pay the running expenses 
and interest on the bonds during a period that will 
amount from one-half to the whole of the average 
amount of time allowed for depreciation of the plant. 
The central station man during this time has been 
harrassed with the anxiety of meeting the fixed charges, 
maintaining the credit, providing a reserve fund to 
meet loss by fire, wind storms and burned-up apparatus, 
and cheering up despondent stockholders who have 
nothing to show for their money but the rosy-hued 
prospect that, at some time in the near future, there 
will be an adequate dividend to compensate them for 
their risk, and now, when these hopes are about to be 
realized, in a modest degree, they are confronted by 
municipal ownership. He must either compete with 
the city — which, through ignorance, will furnish lights 
below cost — or sell out. The latter proposition is 
impossible, for he can not hope to dispose of a plant 
that has depreciated fifty or seventy-five per cent 
without great loss, therefore he is compelled to con- 
tinue in business with his former heaviest consumer. 
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now his strongest competitor, with the prospect of 
having to renew his plant within a very short time, 
at a heavy expense, and knowing full well that there 
is room for but one paying plant in a city of that 
size. Such conduct on the part of the city amounts 
to the indirect confiscation of property; obtaining a 
competent and effective service for years without 
profit, holding out the alluring representations of a 
future gain. 

Municipal ownership is unjust to the taxpayer. 
That through ignorance or willful errors in keeping 
accounts it is certainly true, in most cases, that lights 
are furnished to the city and private patrons at a 
loss, and the deficits charged to some other accounts. 
Very few of its citizens are able to take the lights at 
the reduced price, for the great majority of its citizens 
are day laborers, who are paying for their homes, and 
can not afford to take the lights even at any price, but 
who eventually must help to carry the burden of the 
ever-increasing loss, thus making the many help pay 
for the luxuries of the few. The City Clerk of Ham- 
ilton, Ohio, utters a dismal wail, recorded in the 
Electrical Engineer, He says : *' Hamilton, of all the 
cities in the United States, is the most afflicted with 
the municipal ownership craze, and, having had its fill 
on theory, is now reaching the result under adverse 
circumstances. We are deluded in the belief that we 
have cheap water, cheap gas and electric lights, but 
when we add to these luxuries the fact that we have 
so raised the rate of municipal taxation until it has 
become burdensome, and then compare with other 
cities of our size, we are not so well off as we think 
we are. We are taxed to pay the interest on the gas- 
works and the electric light plant, as well as to pro- 
vide for the redemption of the bonds, and we are also 
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taxed for the purpose of lighting the corporation, 
which is nothing more than a double taxation." 
Municipal ownership has cost the city $575,000. It 
is reported that an order has been made to discon- 
tinue the electric lights, on account of lack of funds. 
This has been a very expensive experience for Ham- 
ilton, and the taxpayer who has burned nothing but 
an oil lamp now helps to pay the bill. 

The result, in most cases, will be less efficient serv- 
ice than under the competitive system. Central station 
men who have been in the business for a long time, 
and who have had years of experience, are, without 
doubt, the most competent to give the best service of 
the times. He surrounds himself with expert elec- 
tricians and a corps of able assistants who have been 
educated in the business and retain their position by 
the strictest attention to duty. He is continually 
devising means for improving his service, not only in 
employes, but also in the latest improved machinery. 
On the other hand, municipalities change their officials 
frequently, and new men take control. Councilmen 
who oftentimes are not even good business men, and 
have no knowledge of apparatus and electrical affairs, 
pass on the purchasing of supplies and the compe- 
tency of electricians and engineers, deposing experi- 
enced incumbents and apportioning political plums to 
friends of but ordinary ability. The men now in 
control attempt to compete with electrical experts 
and competent engineers of long experience, and about 
the time when they are beginning to understand their 
plant and how to save loss — in a year, or possibly two 
— the Council changes, and they must step down to 
make way for those of. even less ability. Again, in 
smaller cities councilmen are often elected on the 
single issue of economy, and in order to fulfill the 
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expectations of their constituents, they must cut 
expenses. The first attack is made on the official 
salaries, which results in filling responsible positions 
with inefficient men. Experts can not afford to edu- 
cate themselves for positions commanding low salaries 
and subject to the vicissitudes of municipal politics, 
and we all know too Well the cheap men in this 
business are the most expensive. Then, again, the 
economical councilmen will object to improving the 
plant, which will require vast sums in replacing that 
which has but lately cost so much, and for which 
they have not as yet finished paying. This is espe- 
cially so if the improvements are demanded in a time 
of financial depression, and when taxes are already too 
high. Electrical plants, of all apparatus, are the most 
liable to be out of date, as in this class of machinery 
improvements are sudden and extremely radical, and 
what to-day is the best that can be bought, to-morrow, 
next month, or next year, is nothing but scrap iron 
if placed on the market. City Councils do not real- 
ize this, and in nine cases out of ten, would refuse 
to appropriate the necessary funds for the needed 
improvements, and, as a consequence, their antequated 
machinery, combined with inexperienced management, 
gives the city the meanest service for the highest 
price. 

The glowing reports from cities that are experi- 
menting with this question are unreliable and mislead- 
ing, except to the electrical profession. In some cases, 
where the plant is new and there is no perceptible 
depreciation, and where they have providentially escaped 
accident or disaster, no doubt these statistics are hon- 
estly, though ignorantly, compiled, deceiving the tax- 
payer into the belief that their venture is a glorious 
success. The engineer's salary and the coal bill are 
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often charged to the water department, and the water 
consumer helps pay the electric light bill. 

In most instances the item of interest on the out- 
standing bonds is charged instead of interest on the 
entire plant, and four per cent depreciation is charged, 
whereas from ten per cent to fifteen per cent should be 
the rate. In some cases losses by fire are not accounted 
for ; in others accidents are never charged. The loss to 
the city of the taxes that would be paid in by a private 
corporation is not computed, and in a great many 
cases the accounts are so mingled with other depart- 
ments that it is impossible for even the officials them- 
selves to tell how much the lights for street purposes 
cost the city. The chairman of the Special Com- 
mittee of the Municipal and Opposition Owner- 
ship, in his report to the Northwestern Electrical 
Association, says : '* We have endeavored to investi- 
gate the results obtained in the municipal plants 
already established, but find that this can not be 
properly done, except by sending a capable repre- 
sentative to these plants. We have written for 
regular city reports, and have sent out blanks request- 
ing answers to a number of questions asked. We 
find that, in the majority of instances, the expense 
report, as covering the cost of electric lighting, does 
not cover such cost, as is evidenced by finding electric 
light expenses charged under separate heads, and in 
but few instances does the city figure anything against 
the plant for interest, depreciation, taxes, water rent, 
office rent, management, fire insurance, water insurance, 
employers' liability insurance and general risk. It is 
needless to say that, without including but a portion 
of the expense of conducting an electric light plant, 
they can send out reports that look very inviting to 
other cities that are paying a fair rate for lighting 
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their streets and houses. The easiest way to demon- 
strate the fallacy of this scheme is by making a 
personal investigation and determining just what 
portion of the expenses are omitted that should be 
figured against the cost of the city's expenses in 
operating their electric light plant." 

I have personally visited Niles, Kalamazoo and 
South Haven, Michigan, and I know that these cities arc 
paying more for their lights than their official reports 
show what they cost, and yet they are considered 
among the list of those who are successful with 
municipal lighting. The city of Detroit has probably 
the finest equipped plant in the State of Michigan, 
and operated under the most advantageous circum- 
stances, and yet she pays $ioo in round numbers per 
lamp for 1,483 lamps, under municipal ownership, 
while St. Joseph and Benton Harbor, under the 
relentless pressure of a private corporation, only pay 
$90, on an average, for sixty-two lamps. Tipton, Ohio, 
and Marquette, Michigan, had serious accidents, and 
the deluded taxpayer, with his eyes partly open, refuses 
to vote more money for such a hazardous enterprise. 
It is not every city that can boast of the advantages 
which South Norwalk, Connecticut, enjoys, and of 
which she should well be proud, in that she has an 
expert electrician and a retired army officer to guard 
her plant from the evils that have blighted most enter- 
prises, and, no doubt, to their efficient services is due the 
momentary success attributed to that municipal plant 
(I am informed, however, that their ser\'ices are free 
to the city) ; but in the great majority of cases the 
city is not so favored, and the central station man, by 
his well earned knowledge and education in the pro- 
fession, by his intimate acquaintance with the plant, 
and by the rigid economy that only comes from long 
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experience, is enabled to furnish the city with the 
most efficient service, at the same price, or even less, 
than it actually costs the city to produce its own light, 
and yet save for himself a reasonable profit for his 
enterprise. 

At this present writing, however, municipal light- 
ing has not passed through its most dangerous period, 
and it is difficult to predict its final result It is now 
but at the dawn of its existence, but a December 
day will be long in comparison with the life it has 
to run, for when bonds are to be redeemed, accidents 
befall the plant, and a depreciated plant is to be 
renewed, then comes the trying ordeal, and woe be 
to the city that has not provided against that day, but 
has wasted its substance in riofous living, for then it 
will be found to have nothing left for its existence 
but the husks of ** Municipal Lighting". 

It is to be hoped that each and every member of 
this association, and of every central station, will 
constitute himself into a committee of one to get 
reliable data concerning municipal ownership, and 
present it in a proper form to the thinking public of 
this country, and after a full and thorough examination 
by the voters and taxpayers in this broad land, I 
think the question will be effectually settled. 

Thanking you for your attention, and hoping for 
your hearty co-operation in dealing with this all- 
important question, I respectfully submit this paper 
for your consideration. 

DiscrssioN. 

Till-: Pkksidf.nt: Mr. Bean's paper is before you 
for discussion. 

Mr. Dohertv : I consider this subject a very, 

very serious one. I am out of the woods myself, 
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hut I have had a little experience with it ; Mr. Bean 
has. and several other members. I think it a matter 
that would warrant the attention of this association — 
their continued attention, rather ; and the portion 
referring to the data furnished, except by sending a 
representative to the plant, I wish still further to 
corroborate. I have had some experience in that as 
former chairman of the Northwestern Electric Asso- 
ciation. The city plants now in operation are, many 
of them, dismal failures, but every one of them sends 
out reports that look very inviting to other cities. I 
merely rose to urge that, although the paper may not 
have a great deal of discussion, the members treat it 
seriously, and continue the protection in this line that 
the association has already endeavored to provide. 

Mr. Beggs : The remarks of Mr. Doherty prompt 
me to suggest taking a text from the President's 
remarks this morning, that he didn't think it neces- 
sary for an association of this kind to have a large 
surplus fund. It seems to me that there is no use to 
which the association could devote a part of its funds 
with greater advantage to the central station and 
lighting interests of the country than to employ an 
intelligent, painstaking expert to gather reliable data 
from a number of municipal plants in different sections 
of the country. As has been well stated in this 
paj>er. the data that are available, except in a very 
few cases, are unreliable in the extreme. I believe 
that the only municipal plant that has put forth a 
report that is entitled to any respect as to its credi- 
bilitv. is that of the Citv of Detroit ; and certainly 
any central station manager here would be \txy glad 
indeed, I think, if he were running the central station 
in Detroit, to furnish their lighting at quite as low 
rates as they are getting now, and relieve them of all 
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the disasters that Brother Bean has suggested arc- 
likely to overtake them in the future in connection 
with their own investment. But, as I had occasion 
to say once before in this convention, I think the 
City of Detroit was entirely justified in doing what it 
did. It was driven to it. And, gentlemen, let 
us take a text from that . ourselves. Do not 
compel the municipalities in which you are managing 
electric light plants to put in for their own protection 
the means of lighting themselves. I take two papers 
that have been presented here this afternoon, and I 
contrast them, and I would suggest that, from my 
standpoint, it would have been better if some of the 
things said in the paper read a little while ago had 
not been said. I refer to it now simply to suggest 
that in the paper, read by Mr. Gaboon earlier in the 
afternoon session, the inference might be drawn that 
the balance of your business in many of these cities 
in which you are doing business is unprofitable, but 
it is made to show a profit because of your city con- 
tract. I refer you to the first page of Mr. Gaboon's 
paper. I desire to draw attention to that fact, because 
it is incumbent upon us who have large capital 
invested in different sections of this country to feel 
that we are doing what we can in a legitimate way 
to render unnecessary the exploitation of municipal 
plants by municipalities over the country ; and, therc- 
.fore, we should see how we can reduce the cost of 
producing electric current to such a price that we can 
show to a city that we can supply current because of 
having this expert knowledge, better knowledge of 
the conditions necessary to run a plant economically, 
than they can possibly have. But, unfortunately, 
many plants throughout the country have not done 
that; and, Mr. President, I have to suggest — I d<> 



not think it desirable, possibly, that it should be 
known generally — but there are plants all over this 
country whose statistics I think it very evident are 
inaccurate, to put it in the most charitable sense^ and 
I think we should have accurate figures from them ; 
and these could only be obtained by sending an expert 
there, paid by this association, to get the figures. 
Let us know the facts ; it is high time we had them. 

The President : Do you suggest an expert 
accountant, an expert electrician, or what kind of 
expert ? 

Mr. Beg(JS : Either one. We must have a man 
that knows enough about the expert side of it and 
likewise the commercial side of it, to get these 
figures. 

The President : Mr. Beggs, Judge Armstrong sug- 
gests. I think very fitly, that that motion come before 
our executive committee, which will be convened in 
a few minutes. It has been moved and seconded that 
a vote of thanks be tendered to Mr. W. Worth Bean 
for his very interesting and instructive paper. It is a 
matter that will come before our active members again 
in executive session, and it is certainly one of the 
most important subjects with which the central station 
man has to deal. I think Mr. Beggs has indicated in 
a certain way something like the action that may be 
taken, and we may take action also. My successor 
may decide to take action in other directions, and, at 
anv rate, I think the association is fully alive to the 
necessity of protecting the central station interests, as 
referred to in my address this morning, from the vari- 
ous troubles that threaten them, and not only fully 
alive to the situation, but has reached the point when 
it is fully able to act. and act with force. I am quite 
sure we stand in a different position to-day, in that 
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regard, than we have done since I remember, or since 
I have been a member of the association, extending 
back a good many years, because I have had the 
honor of being an officer for the past six years. 

The chair appoints Mr. Ayer, as the mover, Judge 
Armstrong and Senator Foster M. Voorhees, of Eliza- 
beth, N. J., as members of the committee to draft a 
law providing for the punishment of the theft of 
electric current. 

The President : I have been handed the following 
telegram : 

*'FoRT Monroe, Va., June 7th, 1897. 

** George F. Porter, 

* Secretary National Electric Light Association, 
** International Hotel, Niagara Falls, N. Y. 
"If not decided on your next meeting place, would 
like to have you arrange to convene at the Cham- 
berlin, Old Point Comfort, Va. Master Car Builders 
and Master Mechanics in session here now. Hotel 
large enough to accommodate all of your convention. 
Large hall for holding your meetings. Everything on 
broad gauge. Would be pleased to have you. 

** George W. Sweet, Manager." 

I would suggest that this, like the other invita- 
tions, be referred to the executive committee, to be 
acted upon at the proper time. If it is your pleasure, 
we will refer this to the executive committee. 

The President : Gentlemen, the general proceed- 
ings will now be adjourned for this afternoon, and 
the executive session, composed only of active members 
of the association, will now convene. 



I might say that from now until six or seven 
o'clock every delegate to the convention — active, asso- 
ciate, honorarv or otherwise — is invited to visit the 
power house of the Niiigara Power C^omj)any. and 
those of you who are not going to attend the execu- 
tive session as active members, can proceed there now, 
and the active members will follow later on, after the 
executive session is over. 

JiDGE Armstrong: Before our associate members 
leave, I would ask whether there is any other matter 
that you want to have come up this afternoon. While 
we are required, as I understand it, to give up the 
time at the close of each day to an executive session, 
I would, barring there being some other matter to 
come up, as we all want to go to the power house, 
move that the executive session be continued. 

Thk Prksident : I would suggest that we call the 
executive session, and it is within their province to 
adjourn, if they so desire. 

Adjourned to executive session. 



Mr. White then read his paper, as follows: 

THE NIAGARA-BUFFALO TRANSMISSION LINE 



Alcmbcrs of the National Electric Light AssociaticJi 
and Its Guests, Ladies and Gentlemen: 

Before taking u\> the subject of this paper as 
given on the programme of this meeting, I crave your 
attention to a few words of apology, or, more prop- 
erly speaking, of explanation. Some weeks ago, I 
notified the president and secretary of your association 
that it would ue impossible for me to comply with 
their courteous request to prepare a paper on the 
Niagara- Buffalo Transmission Line, for several rea- 
sons, principal among which were the facts that, up 
to date, no measurements had been made to deter- 
mine the exact capacity, induction, power factor, effi- 
ciency, or other similar attributes of the line, and that 
I was so occupied with an unprecedented amount of 
work in connection with my regular duties as to 
make it impracticable to find time to arrange in pre- 
sentable form even the few facts obtainable with refer- 
ence to this line. You can readily imagine my sur- 
prise, therefore, upon receiving the programme of this 
meeting a few days since, to see that the mere fact 
that there was nothing to say on this subject, deserv- 
ing the attention of this association, had been disre- 
garded in making up the schedule of these sessions. 
Under these circumstances, the blame for occupying 
the time of this meeting with facts too well known 
and too dry to deserve its attention, must attach to 
your officers. 
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The possibilities of the utilization of the almost 
infinite power of the mighty cataract whose thunders 
are audible from this building, has been dreamed of 
and written about ever since the days when the old 
French monks first attempted to convert the Indians 
living in this and more western regions. 

A few days ago, I received a letter from Mr. 
Silas P. Dutcher, formerly Commissioner of Public 
Works of the State of New York, in which he dwelt 
on his personal recollections of the predictions as to 
the useful development of this power which the elder 
Roebling was wont to make some forty-six years ago, 
while erecting the first suspension bridge over Niagara 
River, the successful completion of which did so much 
toward securing recognition of American engineering 
ability as belonging to the world's front rank. This 
letter spoke also of the fondness with which former 
State Engineer Evershed was accustomed to dwell 
upon the possible development of Niagara's tremendous 
and untiring energy. A most fitting and enduring * 
tribute to this same engineer (Mr. Evershed) is to be 
seen in the splendid plant of the Niagara Falls Power 
Company, some of his fundamental ideas as to its 
hydraulic development having been adopted by the 
Cataract Construction Company. This letter, written 
by the President of one of Brooklyn's most influential 
trust companies, illustrates the fact that we are living 
in a utilitarian age, and that others than engineers 
and manufacturers of machinery are interested in such 
developments as have for some years been going on 
in this neighborhood. 

The character of this work, as exemplified in the 
power house, switchboard, and other details of the 
plant of the Niagara Falls Power Company, is such 
as to deserve the thanks of this association and of all 
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others interested in electrical development, on the 
ground that such working exhibits of high-grade 
installations have a tendency to raise the standard of 
all future work. 

The poetic, imaginative and prophetic features of a 
transmission line from Niagara Falls to Buffalo and 
more distant points, have been thoroughly amplified 
and beautifully expressed, not only by such famous 
engineers as those above mentioned, but by such 
eminent men in our profession as Dr. Sellers, Mr. S. 
Dana Greene, Mr. T. C. Martin, in his lecture, 
''Niagara on Tap," as well as by numerous members 
of the technical and general press. These features 
will doubtless be most aptly illustrated, both in 
metaphor and on canvas, by the eminent electrical 
engineer of the Cataract Construction Company in 
his lecture this evening, so that no attempt whatever 
has been made in collating this hasty sketch to 
accomplish the impossible task of vying with these 
gentlemen, even in a small way, by the slightest 
attempt at the imaginative. 

My first personal knowledge as to the then pro- 
posed transmission line between Niagara Falls and 
Buffalo, dates from the autumn of 1894, when the 
VV^hite-Crosby Company was asked to prepare and 
submit detailed plans, specifications and proposals for 
its construction. It was then found that the engineers 
of the Westinghouse and General Electric Companies 
had both recommended the construction of circuits of 
three wires, adapted to the three-phase system, each 
wire having an area of about 330,000 circular mils. 
Beyond this, no definite plans had then been 
determined upon. The engineers of the Cataract 
Construction Company at that time considered it 
advisable to have the line built entirely of iron poles, 



and detailed drawings and specifications were accord- 
ingly prepared and submitted, showing alternative plans. 
The first included two entirely independent lines of 
iron poles, not less than forty feet long, weighing 
something over 2,000 pounds each. The second 
consisted of lines of poles of about the same height, 
weighing 1,000 pounds each, set in pairs and tied 
together by deep trusses, which served both as braces 
against the terrific wind storms that sometimes sweep 
across Lake Erie, and as a means of carrying part of 
the wires. A steel truss, fulfilling admirably this 
double function, was designed, which weighed about 
600 pounds ; the company's right of way being about 
thirty feet wide, and the lines of poles located fifteen 
feet between centers. Several wooden trusses w^ere 
designed for the same purpose, but, while better from 
an electrical standpoint, these were all so clumsy in 
comparison with the iron poles that preference was 
given to the steel truss. \"arious designs of poles 
were considered, including several built up from 
'• rolled shapes," final preference being given to plain 
tubular poles, on account of their ability to withstand 
equally rains from all directions, their appearance, and 
the ease with which they can be kept painted. 

Numerous designs for cross arms were also con- 
sidered, including those made from *• rolled shapes," 
composite arms (part wood and part steel), and those 
made entirely of cast iron or of wood. The latter 
two were preferred, on account of the ease with which 
thev could be designed to accommodate either wood 
or iron pins. 

In determining the details for these alternative plans, 
it was assumed that poles would be^lset in concrete 
and spaced one hundred feet apart ; that each wire 
would weigh one pound per linear foot ; that the 
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three wires composing each circuit were to be placed 
at the corners of an equilateral triangle having sides 
at least three feet long, and that the lateral strength 
of the line was to be not less than three times the 
forces produced by wind acting with a pressure, at 
right angles with the direction of the lines, equal to 
thirty pounds per square foot on the projected surface 
of the poles, arms, insulators and wires when the latter 
were covered with a coating of ice one-half inch 
thick. As a matter of fact, the heat generated by the 
current passing through the wires, together with the 
static effect tending to repel all particles of moisture 
coming in contact with the wires (this effect being 
quite noticeable on a io,ooo-volt line), would combine 
to prevent the formation of any such coat of ice unless 
at a time when current was off the line. Any error 
thus introduced was on the safe side, and consequently 
not objectionable. 

Full proposals, with detailed plans and specifica- 
tions for the construction above outlined, were sub- 
mitted October nth, 1894. and the amended proposi- 
tion for carrying out the construction on the same 
general lines was submitted March 13th, 1895. Noth- 
ing further developed in the matter until June, 1896^ 
when new proposals were asked for the construction 
of the line, on the assumption that white cedar instead 
of iron poles should be used throughout. Such pro- 
posal was submitted June i8th, and was accepted some 
days later. In working out the details of the line as 
built, the same general assumed data above given were 
used. 

When the route for the line was finally determined 
upon, its length was found to exceed twenty-seven 
miles, instead of being twenty-five miles as previously 
assumed, and the area of the wire was consequently 
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increased from 330,cxx> to 35o,cxx> circular mils. The 
wire actually erected is composed of nineteen strands, 
having a combined area of full 350,000 circular mils, 
and weighs nearly 6,000 pounds per mile. 

In designing a transmission line, the three most 
important factors probably are : 

I St. Its ability to carry its full load continuously 
and without interruption. 

2d. Cost. 

3d. Efficiency. 

The first cost of power used to develop current 
for a transmission line is usually low ; therefore the 
efficiency of the line is not of primary, although of 
great, importance. Those of us familiar with the 
development of the street railway motors have seen in 
practice an illustration of the fact that efficiency is not 
always a controlling factor. There has probably never 
been in general use another street railway motor so 
efficient as the Sprague Number Six, yet a distinct 
advance was made in sacrificing efficiency to mechan- 
ical strength, and in subjecting track joints to what 
at first appeared to be an unnecessary, and certainly 
to be deprecated, wear and tear, in order to decrease 
the interruption to traffic. 

First cost, within reasonable limits, should always 
be considered secondary to good construction, so that 
you will probably concur in awarding first place, as a 
factor in problems of this nature, to the avoiding of 
interruptions. This is surely of primar)' importance 
in lighting work, and it is easy to conceive of cir- 
cumstances where the unexpected shutting-off of 
power might have more serious, or, possibly, more 
fatal, results than could ever arise from sudden de|> 
rivation of light. Entering into this problem of sure 
and continuous operation, we have the same two fac- 
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tors entering that usually confront us in connection 
with any electrical installation ; namely, insulation and 
mechanical strength. In low-tensTon plants of all 
kinds, the insulation is usually accomplished with ease, 
and any probable defects are likely to be of minor 
importance, but, on such a line as that under discus- 
sion, the importance of these two factors is practically 
equal, and they are mutually interdependent. This has 
been practically illustrated by the experience afforded 
by the present line. With units of an ordinary size, 
a short circuit on a line carrying 10,000 volts, even if 
through a defective insulator, a wooden cross arm and 
a wooden pole, would make itself manifest at the 
power station by the opening of a circuit breaker, the 

• blowing of a fuse, or some similar method. With 
the huge generators that furnish power for the line, 
the effects are different. Of what importance to a 
5,000-horse-power dynamo is the current that would 
leak down a wooden pole, even when wet ? Never- 
theless, this same current is sufficient to char or burn 
the pin under a defective insulator. During one night 
last fall, while an attempt was being made to operate 
the line on temporary insulators, — the best obtainable 

• at the time- the ends of no less than five of the 
large cross arms used on this line were burned entirely 
off, and this, too, without any manifestation having 
been made at the station that anything unusual had 
occurred. This naturally raises the questions whether 
it is possible to procure insulators that can be depended 
upon to maintain the insulation on a circuit carrying 
10,000 volts or over, and whether it is not good prac- 
tice to have fewer poles, and, consequently, fewer weak 
spots in the form of insulators. There are two sides 
to this question, and both deserve serious consideration 
in designing any transmission line. Let us assume that 
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poles -are set one hundred feet apart, and allow a sag 
in wires between supports of twenty inches, or one-six- 
tieth of the length of the span. We find that the 
area of the wire in use on this line is .267 of one 
square inch, and that its tensile strength, even assum- 
ing a high value for soft copper, is about 10,000 
pounds. Allowing the same deflection, — one-sixtieth of 
the length of the span — this determines the maximum 
safe distance between poles as 1 78 feet, allowing a factor 
of safety of four, and shows that the cables might be 
expected to break if the span were lengthened to 712 
feet, not allowing for wind pressure or extra load due 
to ice. 

Assuming a tensile strength of 8,000 pounds per 
square inch for yellow pine, we find that the larger 
cross arms used on the line, which are twelve feet long 
and nearly five inches wide by six inches high, would 
support a load of 270 pounds on each end without 
bracing, and of 360 pounds on each end with the 
steel angle braces used, and this, too, with a factor of 
safety of ten — an unnecessary margin, when we con- 
sider I hat the arms are all specially selected heart, 
long-leaf Georgia pine. Similarly, these cross ^rms 
woultl have the same factor of safety carrying three 
power cables on each side with spans 177 feet long 
if without braces, and 266 feet long with braces. 
Besides giving this added strength, the braces used on 
this line prevent such vibration and oscillation as 
usually take place with the ordinary strap iron braces ; 
such oscillation being the cause of many of the petty 
troubles on ordinary lines. These braces were each 
made from a 'single piece of steel angle, two and one- 
half inches by two inches by one-fourth inch, bent to 
shape and forming, when finished, a truss eighteen 
inches deep and five feet in extreme length, their 
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weight being a little over twenty pounds each. Assum- 
ing, again, that poles are set one hundred feet apart, we 
find that twelve wires, with cross arms, insulators, etc., 
would present an area to the wind aggregating about 
sixty-seven square feet, and that, consequently, each 
pole would be subjected to a side strain, when wind 
pressure was thirty pounds per square foot, of about 
2,010 pounds. A sound fifty-foot cedar pole, eight 
inches diameter at top and eighteen inches diameter 
at butt, eight feet being rigidly in the ground, would 
be capable of withstanding, before breaking, a side 
pressure, near its top, of only about 4,900 pounds 
when a layer two inches thick had decayed around its 
circumference. 

With spans of one hundred feet, the pole would 
therefore have a factor of safety of only about two 
and one-half inches when new, while the wires would 
have a factor of safety of about seven and the cross 
arms of about twenty-six. The advantages of having 
cross arms amply strong are so evident, and the 
possible reduction in cost such an insignificant part 
of any ordinar)'^ line carrying much copper, that it 
would seem foolish to reduce the size of these in 
order to bring their strength down to correspond with 
other parts of the line. 

It is evident from the above that the weakest point 
of this line, mechanically, is the pole, in spite of the 
fact that, as advised by one of the prominent members 
of your executive committee, final decision was m^de 
in favor of spacing the poles seventy-five feet apart 
on straight, and proportionately closer on curved, 
parts of the route. The only reasonably safe and 
practicable method of decreasing the number of weak 
spots furnished by the insulators, would be to use 
poles larger than eight-inch tops, or to brace the 
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poles to withstand this wind strain. Fifty-foot poles, 
having tops greater than eight inches, are now hard 
to find, and although thirty-five-foot poles were used 
on a part of the company's private right of way, 
nevertheless, many fifty-foot, and even a few sixty-five- 
foot, poles were required to avoid obstructions and for 
crossing railroads and highways. The only feasible 
plan, therefore, would seem to be to brace the poles 
laterally, which can readily be done if set in pairs, 
but which would be very difficult to accomplish in a 
satisfactory manner with a single line. This naturally 
brings us back to the question, ** Are insulators such 
insurmountably weak links in such a chain, and is it 
not possible to get insulators that can be depended 
upon even when supporting wires under a pressure of 
10,000 volts?" This can be most satisfactorily 
answered by again narrating the experience with this 
line. During the past eight months, insulators have 
been sent to Niagara Falls by four of the works 
which are among the first six in this country in the 
production of porcelain for electrical use. Of a sample 
lot of ten received a few days ago for test from one 
ot these factories, one had broken in transit, eight 
broke under the strain of electrical pressure varying 
from 16,000 to 36.000 volts, and the last broke under 
40.000 volts strain. This latter would seem to be a 
minimum safe test limit for any insulator expected 
to sustain a regular strain of 10,000 volts, and is a 
test that any mechanically-good, well-vitrified msulator 
of ordinary design will pass. As several previous lots 
from the same factory showed even poorer results, 
the manager of that company states that he hopes 
within a few weeks to be able to furnish insulators 
that will stand a 40,000-volt test. It is only fair to 
state that these insulators were of a smaller type than. 
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and different design from, those in use in the Niagara 
line. Several lots of somewhat similar insulators from 
another factory gave about the same results. 

Several thousand insulators, of a diameter almost 
equal to the round type now on the line, but of a 
design somewhat different in details, were furnished 
by a third porcelain works. These were all supposed 
to have been tested, and to have successfully withstood 
a pressure of 40,000 volts at the factory before ship- 
ment. When, however, these were tested at Niagara 
Falls by Mr. Lincoln, the electrical superintendent of 
the Cataract Construction Company, it was found that 
a large majority of them broke down under a 40,000,- 
volt test, illustrating that a dry test, such as had pre- 
viously been made, is useless for practical purposes. 
The method of test used at Niagara Falls was as fol- 
lows : The insulators were set inverted in a shallow 
iron pan in lots of about twenty, the bottom of the 
pan being covered with an inch or two of water con- 
taining a little salt. A little of the same brine was 
poured into the pin-hole of each insulator, and into 
this was thrust a small piece of metal, such as an 
ordinary iron spike or the small, round, zinc rod from 
an ordinary sal-ammoniac battery, this being connected 
to one side of the testing circuit, the other side being 
connected to the pan containing the insulators. After 
the metal rod had been placed in the brine in the 
pin-hole of an insulator, the primary circuit of the 
testing transformer, specially built for the purpose, was 
closed, and, if the insulator was weak, this was quickly 
manifested by a series of sparks through the punctured 
porcelain. Experiments made with pure water and 
with brine showed that there was no difference in the 
results, but that any weakness was manifested a little 
more quickly with brine ; besides which, the salt 
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imparted the characteristic bright sodium color to 
sparks otherwise almost colorless and difficult to detect. 

As it was important that the line should l)e ready 
to deliver current by a specified date, the test was 
reduced on these insulators to 20,000 volts, and all 
that withstood this pressure were passed for temporary 
use. These insulators were later replaced by some of 
those now on the line, all of which successfully passed 
a 40,000-volt test made as above described. The tem- 
porary insulators illustrated the old saying that every 
rule has its exception, for when, after removal from 
the line, they were tested under 40,ooo-volt pressure, 
a solitary insulator, from a total of 1,150. was able to 
pass muster. 

Of the insulators shipped by the fourth factory^ 
and of the two types now on the line, about twenty- 
five to forty per cent were usually found to be defect- 
ive, breaking down under 40,000 volts ; this percent- 
age decreasing in the last shipments received. It is. 
however, worthy of special note that since the last of 
the temporary insulators were removed from the line, 
there has not been one minute's suspension of current 
supply due to defective insulators. During this time, 
some three or four months, three insulators have been 
replaced, none of these being of the oval type. Two 
of these three had been broken while being put 
in place, and the third was broken by a stone or 
other missile. In all three cases, only the outer petti- 
coat was broken, and the insulator continued to do 
satisfactory service until such time as it could be 
replaced without affecting the operation of the line. 
Apparently, therefore, it has been demonstrated that it 
is possible to secure insulators that are reliable. That 
there have been no greater troubles in the past from 
defective insulators, is probably due to the fact that 
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most of the large transmission plants in operation 
under high voltage, up to within a few months, have 
been in the far West, where a climate prevails very 
different from that natural to this immediate region. 

In the above and other experiments with insulators, 
some interesting facts have been developed, and are 
worthy of note. The insulating strength of porcelain 
depends almost entirely on the thoroughness of its 
vitrification, and very little on its thickness ; a thin 
china teacup having successfully withstood a pressure 
of 60,000 volts, while a coarse piece of porcelain two 
inches thick was readily pierced by 25,000 volts. It 
is, therefore, practically unnecessary to test electrically 
any insulator which, when broken, will not pass a good 
absorption test, using red ink or other fluid. 

It is quite, if not entirely, impossible to puncture 
a glass insulator, even an ordinary pony telegraph 
insulator withstanding any pressure that can be applied, 
the last being determined by the pressure that will 
send an arc around the insulator. The objection to 
using glass insulators in the past has been due to the 
difficulty in getting a well annealed and mechanically 
strong insulator of such massive design as is needed 
for this work, and to the hydroscopic property of 
glass, which is not shared by porcelain. The first can 
unquestionably be overcome by care in manufacture. 
The importance of the second has probably been 
exaggerated in most calculations made in the past, due 
to an inadequate appreciation of the static effects of 
10,000 volts in warding off snow-flakes and drops of 
rain, and, to a less extent, of the rapidity with which 
water falling on such insulators is evaporated by the 
heat of the current leaking over the surface. It is, 
consequently, reasonable to expect that the use of 
glass insulators for high-voltage lines will greatly 
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increase with improved manufacture. Meantime, any 
lines erected should have the best obtainable porcelain^ 
and every insulator should be subjected to test. 

Before closing, it is natural to ask, ** Is the line 
as built a genume success ? Can it be depended on^ 
and is it effective?" In answering, let me give briefly 
some of the facts. The line now in operation is over 
twenty-six miles long, of which the last 4.000 feet is 
under ground, the current being carried in lead-covered 
cables with rubber insulation, these having been drawn 
into terra-cotta duct conduit built especially as part 
of this line. These cables successfully withstood a 
test of 40,000 volts, are guaranteed for five years 
under working pressure up to 25,000 volts, and were 
punctured during test only by a pressure estimated by 
Mr. Lincoln as about 80,000 volts. They have given 
no trouble since current was first turned on the line» 
November 15th last, except at two imperfectly made 
joints. Except for the short time needed to repair 
one of these joints, there has not been a single shut- 
down chargeable to the transmission line itself since 
the last temporary insulators were removed, some three 
or four months ago. A number of interruptions to 
service have occurred during that time, due to derricks 
used on the work now being done on the Erie Canal 
hitting wires, undermining of poles and conduit by 
this work, and to allow new lightning arresters to be 
put in circuit at transformer houses. Except for these 
extraneous and unusual causes, the service has been 
perfect, with the slight exception noted above. One 
short interruption early last winter was due to the 
dead limb of a tree blowing across the wires, illustrating 
the fact that all trees should be cut down for some 
considerable distance on both sides of any high-voltage 
line. The line shows an insulation resistance of some 



142 

250,000 to 300,000 ohms on wet, and about 1,000,000 
ohms on dry, days, this being between any one of the 
three wires and the ground, the insulation, therefore, 
varying from 6,000,000 to 25,000,000 ohms per mile 
of wire. 

The actual working efficiency, as shown by the 
wattmeters in the low-tension alternating circuits at 
Niagara, and the direct-current 500-volt circuit a| 
Buffalo, was 79.6 per cent, this being for a consider- 
able period and a fluctuating load. This efficiency 
included loss in step-up transformers, line, step-down 
and rotary transformers. It is probable that any 
decrease in this, due to greater line loss with larger 
load, would, to a considerable extent, at least, be off- 
set by increased efficiency of • transformers. In view 
of these figures, we hope you will feel warranted in 
indorsing the opinion that Niagara power is nouf 
being satisfactorily delivered in Buffalo. 

One of the questions often asked is why this entire 
line was not placed under ground. One of the prin- 
cipal reasons was that the line of twelve wires, having 
a capacity of 20,000 horse-power, would cost, irrespect- 
ive of right of way, fully one million and a quarter 
of dollars, if under ground, and only about one-third 
of that amount over head, making a difference in 
interest charge. 

Of such total costs, about twenty per cent would 
cover cost of conduit, complete, including manholes, 
the remaining eighty per cent being lead-covered 
cables. 

Of the overhead construction cost, slightly over 
eighty per cent is bare copper wire ; less than ten per 
cent covers poles set in place and about three per 
cent covers insulators. 

It is probable, therefore, that the depreciation of 
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the lead-covered cables' will greatly exceed that on 
pole line, the first cost being some thirty times as 
great and the depreciation of the bare copper being 
negligible. Aside from this, experience to date has 
not demonstrated that the. underground line would 
l>e more reliable, which alone could justify the 
increased depreciation and interest charge. 

As a final deduction, it seems reasonably certain 
that it is now possible to build either overhead or 
underground transmission lines — even in regions subject 
to much cold, damp weather — capable of carrying 
current at 10,000 volts, or higher, pressure, which can 
be oj>erated with efficiency and every assurance of 
uninterrupted service. 

DISCISSION 

The Prksident: Gentlemen, this paper is now 
open for discussion. 

Mr. Seelv : I should like to ask Mr. White 
whether it is necessarv to shut off the current when 
they replace their insulators ? 

Mr. White: Some insulators have been changed 
without shutting down, and it is quite practicable to 
do that where the wire has not been tied in. Where 
it has been tied in. unless on a very dry day, I would 
rather somebody else should attempt to replace the 
insulators with the current on. But 1 know of other 
icooovolt lines where it is done, and by having a 
large stool, mounted on four porcelain insulators, on 
which a ladder can be placed, it will be entirely 
possible for a man to get up to the line and replace 
the insulator. The only trouble about it is that with 
10.000 volts the capacity of a man is sufficient to 
absorb considerable spark, and if the man were nervous 
he might get shock enough to knock him off the 
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ladder, so it is not a pleasant task ; but it is entirely 
possible of accomplishment. We did replace a number 
of insulators where the wire had not been tied, by 
lifting the wire on the top of another insulator which 
was mounted on a long stick, and then replacing the 
insulator and letting the wire come back into place. 
In actual construction, the wire, as you probably 
know, was not placed at the corners of a triangle, but 
the line was divided into six sections, and at five 
points the three wires were given a twist, so that for 
two of the six sections iach of the three wires occu- 
pied relatively the position of one. two and three, and 
this counteracts to a considerable extent the induction 
that would otherwise be exerted. 

Mr. Bean: I understood, Mr. White, that it was 
necessary to cut the trees for a certain distance on 
each i>ide of the line. 

Mr. White: Yes; I should say that, under all 
circumstances where it is possible, unless the right of 
way cost too much or is too expensive, it ought to 
be done, so that no falling trees can reach the line. 
Of course, that would make it absolutely safe. But 
from that limit, what is feasible would be determined 
largely by the cost of getting the right to cut - down 
trees, and would be advisable, certainly thirty or forty 
feet on each side, and more if possible. 

Mr. Seelv : I presume time alone will demon- 
strate the efficiency of the 30,000 or 40,000-volt tests 
applied to the insulators ? 

Mr. White: Yes; of course there are no data 
as to that. But the mere fact that not a single insu- 
lator has broken down during this time, is pretty good 
evidence. With the other insulators which were put 
up temporarily, the depreciation on the line was quite 
rapid, as mentioned in the paper. We used to have 
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cross arms burn off quite frequently, and that came 
from the fact that, although these insulators had stood 
the 20.ooo-volt test, and there were only 10,000 on 
the line, yet enough rain would strike them to gradu- 
ally moisten the porcelain, and, of course, as they 
absorbed this moisture, the insulating properties would 
drop down to so small a value that they allowed the 
current to go through until it burned oflf the cross 
arms with the arc that would form. That, of course, 
would break the contact, and the arc would stop of 
its own free will. In regard to these two insulators^ 
I might say that the probable cause why this one 
(indicating) has stood more than the other, is that it 
is a little stronger mechanically, and the three breaks 
were all due to some mechanical trouble, and it is 
probable that the difference is due only to that 
mechanical strength. The advantage that those have 
carrying the rain over and letting it drop down to 
the side of the cross arm is perhaps of some value, 
although not as yet demonstrated to be of any great 
importance. The only place where we have had any 
illustration of an advantage that it might be. was 
where a tie wire, after being twisted around the insu- 
lator, was carried down toward the cross arm. and the 
arm was burned by the current starting, following a 
drop of rain from the end of the tie wire to the arm, 
and thus burning the arm. and for that reason it 
might be better to have the rain carried oflf to the 
end, and then it will drop clear of the arm to the 
ground. But probably that is not of any great impor- 
tance. 

Mr. Dohertv : I should like to ask Mr. White 
how niany lightning arresters they distribute. 

Mr. White: The lightning arrester problem is 
still in process of being solved, and it is largely in 
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the experimental stage. There are very few of them 
on the line. We protected the line from lightning as 
much as we could by running two barbed fence wires 
on top of the poles, one carried on the outer cross 
arm by an iron pin eighteen inches long and one inch 
in . diameter, which went through the cross arm, and 
had a little fork at the top supporting the barbed 
fence wire ; a second, similar wire was carried on the 
peak of the pole, the poles all being roofed, and a 
third is intended to be put up on the other side of 
the cross arm when additional wires are put up. 
Every fifth pole, these barbed fence wires are grounded 
with a number six copper wire running to the bottom 
of the pole and being coiled there, so that we can 
expect discharges to be carried off by these numerous 
points without accumulating sufficiently to g^ve a light- 
ning stroke. But the lightning arresters themselves 
are placed only at the transformer houses up to date; 
and these have given some trouble, so that, probably, 
none will be placed on the line until something has 
been put in the transformer houses that is perfectly 
satisfactory. 

Mr. Seelv : I should assume, Mr. White, that it 
would be preferable to place the wires under ground 
entirely. It would cost, probably, according to your 
figures, about $800,000 more. 

Mr. White: That would be forty dollars per 
horse power. 

Mr. Seelv : At the rate of forty dollars per 
horse power; yes. Then you have a permanent instal- 
lation under ground ; you are not troubled with the 
defects discovered with the overhead wires. 

Mr. White : That view, of course, may be correct. 
But, as I stated in this paper, it has not been 
demonstrated up to date, from the fact that the only 
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trouble due to the line thus far was from a joint in 
the cable. There has been no trouble due to the 
insulators, and there are 4,000 feet under ground as 
against over twenty-four miles of insulators ; so we 
have about thirty-five chances to one, so far as distance 
is concerned, of trouble with the overhead as com- 
pared with the underground. 

Lieutenant S. Dana Greene : It seems to me, 
Mr. President, that the question of lighting on a line 
is really the most serious one to be considered ; that 
is, in considering the comparative advantages of the 
overhead and the underground lines. It is a fact that 
no tests that any manufacturing company of which 
I know can produce at their works, are at all indic- 
ative of the results to be obtained on the line here ; 
and it has been found actually necessary for them, in 
testing lightning arresters and fuses, to bring the 
experimental apparatus to Niagara Falls and actually 
test it by short-circuiting the machines here. In other 
words, the effect of a short circuit with 5,000-horse- 
power generators on a 10,000- volt line is very different 
from anything obtained in ordinary use and practice. 
While it is probable that the lightning protection that 
has now been devised in the line will be sufficient to 
answer the purpose for the present, there will yet be 
always more or less risk from lightning untiJ the wire 
is put underground. It seems to me that that is the 
evident conclusion one must arrive at ; that is the 
weak point in the whole system at this time, and 
must be until these are finally put under ground. 

Mr. Insull: Did I understand Mr. White to say 
that it would cost $600,000 more for a line to carry 
20.000 horse power under ground ? 

Mr. White: It would cost about a million and a 
quarter, I estimate, for a line carrying 20,000 horse 
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power ; that is, four series, three wires each, making 
twelve wires total, for a distance of twenty-seven 
miles ; it would cost fully a million and a quarter with 
the lead-covered cable, of which four-fifths would be 
for lead-covered cable and one-fifth for conduit. That 
would mean sixty dollars per horse power, in other 
words, and it would cost about one-third of that 
amount over head, or twenty dollars per horse power. 

Mr. Insull: Then the interest on it would form 
an important part of the cost ? 

Mr. White: If placed under ground at sixty dol- 
lars, the interest charge would be three dollars, allow- 
ing five per cent, and an additional amount at least 
equal to that would be allowed for depreciation, and 
probably a good deal more than that* It is hard to 
tell what the depreciation would be on lead-covered 
line under those circumstances, but five per cent would 
certainly be moderate ; probably ten would be more 
nearly correct. In that case, the depreciation would 
be six dollars per horse power and interest three, allow- 
ing ten per cent depreciation, to be safe. 

Mr. Insull: That would be a very important 
proportion. If you were going to sell power at twenty 
dollars, it would be thirty-three per cent of the gross 
receipts. On this question of lightning arresters, I 
should like to ask Mr. Greene whether it is not true 
that, in units up to i,ooo horse power, lightning arrest- 
ers can be furnished that will carry a lightning dis- 
charge, and will, at the same time, interrupt short 
circuit of the dynamos without serious trouble. Of 
course, as he says, with 5,000 horse power it is a very 
serious matter to stop an arc after it has once formed, 
but up to 1,000 horse power it can be done more 
easily, and is probably possible. 

Lieutenant Green : I think it may be possible. 
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liut I do not think any company will guarantee a 
device to be an absolute protection against lightning, and. 
as the amount of power delivered in Buffalo increases, 
it seems to me thai the success of the sale of power 
in BufTato is going to depend verv largely upon the 
absolute relialiility of the service. It is possible, for 
instance, that the poles themselves might be struck 
and destroyed by lightning — might cause very serious 
danger to the line. Of course, the network which 
Mr. While described as having been placed on the 
top of the poles is a good protection. I do not think 
it can be said that it is an absolute protection against 
lightning under all conditions of stroke. 

Mr. Insli.l: When I first saw this overhead line. 
what seemed to impress me particularly was the awful 
responsibility of running such high potential above 
ground. But the figures just given by Mr. White 
would seem to indicate that if the line were put under 
ground it would render transmission from here to 
Buflalo almost prohibitive. With triple compound- 
condensing engines, the cost, including real estate, 
installing, say, 20,000 horse power, would certainly be 
within $2.000.000 — $100 per horse power. Now, if to 
convey the same amount of power it is going to cost 
sixty dollars per horse power for the underground sys- 
tem, if they ultimately have to go to underground 
work, it would seem to show that the cost of the 
mstatlation here at the source of power, and the cost 
of the conveying power of the plant, would be so 
great as to render long-disiancc distribution, even to 
.so short a distance as Buffalo is from Niagara, almost 
prohibitive. 1 do not imagine, from looking at the 
plant here, thai it can be installed for much less than 
$100 a horsepower. It would seem to me, therefore, 
that a long-distance power transmission plant, includ- 
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ing the underground conductors, would cost at least 
sixty per cent more than the steam plant to produce 
the best possible results from steam in the city of 
Buffalo. 

Mr. Beggs: I think, Mr. President, that the paper 
read by Mr. White, and the discussion that has fol- 
lowed, should be very satisfactory to investors in local 
electric lighting plants, who, for a few years, have 
heard that their business was likely to be taken away 
from them by these long-distance transmission plants 
of very high potential. I have myself seriously ques- 
tioned the great advantage that was to be derived at 
points very remote from these great sources of power, 
for the reasons that have now come out in this paper 
of Mr. White's, to which I have listened with a great 
deal of interest, and which I think we shall follow- - 
those of us who are charged with the management of 
electric lighting properties, and, likewise, electric rail- 
way properties, as some of us are, and who are invest- 
ors in them — with a great deal of interest to see the 
development. I heartily agree with the idea suggested 
by Mr. Insull, and I very seriously question whether 
even this great plant at Niagara Falls can compete with 
the modern steam plant fifty miles from Niagara Falls. 
I do not believe it possible; and yet it is hard for us even 
to imagine what the future developments of this long- 
distance transmission have in store. I have been called 
in by some friends within the last thirty days to look 
over a proposition submitted to them as capitalists and 
investors in this class of property, where it is proposed 
— and this is a serious proposition, and one that is 
under consideration at the present time, and the proc- 
ess of raising capital to install it now under way — to 
transmit, not the 10,000 volts which Mr. White has 
been discussing here, but to transmit 60,000 volts a 



distance of sixty miles, and to transmit 40.000 horse 
power— the initial installation being 4,000 horse power 
^on a number four wire; and that Is held out as a 
proposition, to carry this current and supplant the 
entire steam plant in a city of some 60,000 inhabit- 
ants. The only satisfaction of the electric lighting 
plant and the electric railway plant in the city where 
it is proposed to deliver this power, is that it is pro- 
posed to do it at about two-thirds of what it is now 
costing them to produce it. I think if they can real- 
ize that result, why. they had better take that end of 
it. without attempting to install the transmission plant 
ihcmseives. I have had others of the same kind. 
There is a proposition in Pennsylvania to-day by some 
of my friends interested in electric lighting plants in 
which I am myself largely interested — a proposition 
to put at Conewago Falls, on the Susquehanna River, 
a lai^ power-transmission plant, to carry power into 
the city of Baltimore ultimately, but to Port Deposit 
and the city of Harrisburg and certain other cities in 
Pcnns\'lvania. They, 1 believe, have made some prop- 
osition that they would supply power at the city of 
Harri*iburg at twenty dollars a horse power. 1 advised 
my friends to corral it all ; simply tg make a contract 
to take the entire amount that could be delivered 
and utilized there at that hgure. But the point I 
want to make is that I do not think that those of 
us interested in central stations that may be menaced, 
as some of us have been, by these long-distance trans- 
mission plants, — I do not belii-ve that we are in any 
serious danger. It is not a question of developing 
power, it is a question of transmitting; and the point 
that I raised some weeks ago. in a long day's discus- 
sion of this long-distance transmission in the far West, 
und the plant that has been dwell upon here, is the 
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difficulty of insulation — of clearing a path for your 
line. You can readily realize what it means to do 
what Mr, White has suggested here, and which is 
absolutely necessary. You must have a clear right of 
way that will enable you to cut down all the trees 
that can possibly fall across your line. One might 
never fall there, but you cannot take the risk of its 
falling ; therefore, you must clear away sufficiently to 
prevent the possibility of limbs falling in a storm, or 
a tree crossing your line. And I think that is the 
serious difficulty that these long-distance transmission 
plants are going to encounter in the use of overhead 
lines, while the underground conditions are prohibitive 
from two causes, as has been well brought out in this 
discussion : first, the initial cost of your line makes it 
prohibitive, and then the great depreciation, many of 
the elements of which are not known in these high 
potentials at all. Those of us who have been dealing 
with underground lines for eight or ten years, know 
that the item of depreciation on an underground line, 
even under moderate conditions, is very great indeed. 
So it would seem to be almost impracticable, from a 
commercial standpoint, to put lines under ground, and 
very difficult to maintain them over head. 

Mr. White: On this question just spoken of by 
Mr. Beggs, it is almost certain that the localities are 
very few, and the circumstances must be very excep- 
tional, that will support a transmission line fifty miles 
long. In the first place, it would be necessary to 
have an ideal water power — unusually good water 
power ; and in the second place, a very high cost of 
fuel, or the power could be generated more cheaply 
by steam. But there are localities where plants of 
that kind would pay, and could earn, not only fair, 
but in some instances an extremely high, interest on 



I 



the cost, even for such long distances. The only part 
of this country, perhaps, where that would apply 
would be out in the Rocky Mountains, where in some 
regions wood is scarce and coal costs, perhaps, eleven 
dollars a ton. In such localities, ihe cost uf main- 
taining the interest on a line even fifty miles long 
can well he afforded. But under ordinary circum- 
stances, as Mr. Beggs states, power could probahly lie 
generated far more economically with a triple com- 
pound-condensing steam plant than it could be 
developed and carried fifty miles over head, and certainly 
decidedly more cheaply than it could be carried fifty 
miles under ground. In this line, taking Mr. Insull's 
suggestion as to ihe interest charge, it would certainly 
not be wise to entail a charge of perhaps ten dollars 
per horse power for depreciation and interest under 
ground as agamst two dollars per horse power for 
depreciation and interest over head, unless the former 
were absolutely necessary and it were found by experi- 
ence that lightning occasioned such trouble that it 
could not be handled satisfactorily. 1 do not believe 
such is the case. As to the insulation, it is possible 
to have that satisfactorily arranged. I know a plant 
in Michigan, from which I had a report two or three 
weeks ago, that has been running all winter, and in a 
climate where there is a great deal of rain and snow, 
and they have had quite a severe winter, at least in 
the way of a good many storms. That plant has 
been shut down but once in four momhs, and that 
was on Sunday noon, when notice had been given to 
the customers that there would be a shutdown at 
noon the ne,\t day, The shutdown was for ten 
minutes, and it was to tighten the key on the water- 
wheei shaft. The plant has no duplicates ; has only 
one generator, and no duplicate machinery of any 
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kind; and the only shutdown in foui months was this 
one of ten minutes on Sunday noon to tighten the 
key in that shaft. So it is possible to run a plant 
satisfactorily and not have any trouble with it. 

Mr. Steinmetz : 1 think it is dangerous to gen- 
eralize too freely in such matters, and to state that it 
is or is not economical to transmit power fifty miles. 
It all depends on what the power is used for, as to 
whether the transmission is economical or not. The 
problem changes very greatly according to whether 
the transmission is used in a factory for twenty-four 
hours a day — a steady load — or whether it is used 
where the whole load is only an hour-a-day run, and 
the remainder is idle, and you have to pay the same 
price ; that is, you have to pay for the maximum 
load continuously, and use it for only a very short 
time. And then there is the other question coming 
in — as to whether your railway network of the city 
depends upon continuous power, never shutting down 
under any circumstances, or whether you run into a 
continuous lighting system ; whether you have a big 
storage battery, and when you send out a man to 
repair the line the storage battery carries you over the 
break. All these conditions change the problem very 
greatly, and you must investigate the individual case 
to see whether the steam-engine plant is the more 
economical, or the long distance transmission, but you 
cannot lay down any general rules. 

Mr. Scott: The question of lightning arresters is 
one of vital interest in long-distance lines. A little 
experience is worth a good deal of theory in this 
matter. In the plant at Telluride, Colorado, which 
has been in operation for some half dozen years, a 
great deal of difficulty was experienced with lightning 
during the first year. The lightning destroyed, with 
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great avidity, all tht; arresters that were sent there 
during the first season. The subject was gone into 
very carefully, and a new form of arrester was pro- 
vided, and since that time there has been almost com- 
plete freedom from difficulty arising from lightning. 
While it is probable that there can never be absolute 
security from danger from lightning, just as there can 
never be absolute security from breaking of shafts or 
falling down of poles, yet lightning protection can be 
accomplished with the same co-efTicient of safety that 
pertains to other apparatus. The original plant at 
Telluride was for 3.000 volts, and this has been 
increased to 10,000. The distribution extends over 
the mountains, and at some seasons the lightning is 
quite severe. The plant supplies stations distant from 
two and one-half to eighteen miles, in large number 
and widely distributed. There has been trouble from 
lightning. Some transformers were burned out, and 
careful investigation showed that the ground wire of 
the lightning arrester had become affected by some 
workmen or some change taking place. The experi- 
ence at that plant has been such as to justify the 
statement that lo.ooo-volt transmission, through a 
country that is particularly susceptible to lightning 
disturbances, can be adequately protected. 

Mk. White: I was very glad of the remarks of 
Mr. Stcinmetz, calling attention to the well known 
fact that any problem of this kind is an engineering 
problem, and deserves solution and attention on its 
merits, irrespective of the general conditions and the- 
ories which may apply to other plants and do not 
apply to that, and I can best illustrate that, perhaps. 
I by the result of some tests that we had made at 

iville, Colorado. We sent a man out (here to make 
investigation as to an electric power plant in 
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that region. He found that in some instances power 
was costing the miners as high as $2,000 per horse 
power for the actual indicated horse power used. 
This was a hoist, of course. In that region, and over 
in Cripple Creek, some investigations were made. A 
great many miners have hoists, and have their boilers 
heated and power on for twenty-four hours in the 
day, and perhaps they use it but once in thirty min- 
utes, or once an hour, to hoist a load. But they 
require an engine and they require fuel for the whole 
twenty-four hours, and fuel there costs eleven or twelve 
dollars a ton delivered at the mines, and water costs 
seventy-five cents a barrel,, and with the use of a ten 
or fifteen-horse-power engine, but a few minutes each 
hour, you can readily perceive that the figures would 
run up to a very high degree. Even with plants using 
a considerable amount of power, the cost is usually 
from $200 to $300 per horse power indicated. So 
there are cases where power can be transmitted fifty 
miles or more and allow a good profit. 

Mr. Walbank : I should like to ask Mr. White 
if he has ever put up any steel or iron poles — has had 
any experience with them ? 

Mr. White: I presume Mr. Walbank means for 
long-transmission work ? 

Mr. Walbank: Yes, sir. 

Mr. White: No; we have not. Our experience 
with iron poles has been on ordinary lighting or street- 
car work. 

Mr. Walbank : In this Buffalo transmission, the 
poles are all of white cedar, I understood you ? 

Mr. White : Yes, sir. 

Mr. Walbank : And cost about forty dollars per 
horse power ? 

Mr. White: Twenty dollars. 
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Mr. Walbank : Twenty-two miles? 

Mr. White: Twenty-five. 

Mr. Walbank : We have just constructed a steel 
pole line from Lachine Rapids into Montreal', and we 
constructed all of our line of steel poles ; that is. we 
took a channel iron and cut it diagonally through, 
and then riveted the reverse ends so as to make it 
about eight inches at the top and twenty inches at the 
bottom ; put two of these columns up and then 
latticed them together ; and your wooden cross arms 
are almost identically the same as we have, but with- 
out any braces underneath ; and we have, altogether, 
thirty-six wires on. Our poles are placed io8 feet 
centres, and they stand, probably, thirty feet high, 
including seven feet in the ground. They are bedded 
seven feet in concrete. 

Mr. White: That ought to give very good con- 
struction. 

Mr. Walbank: The way we tested the poles, we 
placed 200 pounds of pig iron on the top. with a 
fulcrum to take the place of the ground. Our pole 
line, complete, with wire, insulators, cross arms, and 
everything, will cost us, for a distance of 30,000 feet 
— for the complete line — about $92,000. We figured 
that for underground work it was going to cost over 
$300,000 to do the same thing with lead cable. We 
have not tested it practically yet. because it is now 
just about completed. 

The President : I shall have to close this dis- 
cussion now. It is very interesting, and I wish we 
had more time at our disposal. We have another very 
interesting paper, and I shall call upon the author 
presently. I am sure we are all very much indebted 
to Mr. White for the instructive paper that he pre- 
pared. I know personally that he put himself to a 
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supply business to take the bad customers with the 
good, and the author hopes to show in this paper 
that it is quite possible to devise a simple and equit- 
able tariff by which a profit to the supply company, 
as nearly as is commercially practicable, is assured 
from every consumer ; and, moreover, that only by 
adopting such a tariff of approximately equal rates of 
profit from all consumers can central station man- 
agers hope to get the use of electricity generally 
adopted for all the many purposes it naturally lends 
itself to. 

The author also hopes to show that it is not only 
possible, hut extremely easy, to do an enormously 
extended business in electricity supply in such a way 
as to yield substantial profits to the supply company, 
and at the same time to supply electricity to an ever- 
increasing number of consumers at rates which will 
insure large business, and in most cases to success- 
fully compete with gas. 

Hitherto the main governing idea among central 
station managers seems to have been that electricity 
must rely upon its superiority as regards cleanliness, 
convenience and healthiness over its competitors for 
lighting purposes. The author hopes to convince the 
members that, in one of the richest fields open to 
central supply stations, electricity can compete with its 
rivals, even as regards price. 

UNRECOGNIZED PROFITABLK FIELD FOR LARGE 

EXTENSIONS 

Owing to the enormous development of the busi- 
ness of electricity supply for power transmission, for 
traction and other purposes, many central station 
managers have lately devoted most of their energies 
to the supply of electricity for those uses, and have 
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apparently assumed that they have already substantially 
secured the greater part of the lighting business they 
are likely to get in their districts. The author, on 
the contrary, firmly believes that there exists even a 
larger and more profitable field for electricity supply 
ready at hand in every town, waiting only to l)c 
tapped, and refers to the supply of light to the thou- 
sands of domestic lamps recjuired by the middle 
classes in their homes, which are used rejLjrularlv everv 
day for several hours, summer and winter, and which, 
in many cases, can be replaced by electricity at the 
same price, or even less than the light now used, and 
at the same time yield substantial profit to the supply 
company. 

This profitable domestic supply, which is largely 
used after business hours, need in no way interfere 
with the much-catered-for power supply, the value of 
which the author fully appreciates. 

Another enormous field for profitable extensicms 
is to be found in the smaller and lower classes of 
stores, saloons and business houses that trade until 
late in the evening. As these classes of consumers 
frequently live over their business premises, their use 
of artificial light is a very lengthy one ; although their 
bills mav be small, thev form a most desirable class 
of possible consumers, and can be supplied at a rate 
that, although low enough to secure the business, 
will yet yield such a substantial profit as to far more 
than counterbalance the extra cost of connection and 
collection to such classes. 

Central station managers are now seeking fresh 
markets and uses for electricity supply, neglecting the 
domestic lighting field, which has hardly yet been 
touched. This, the author considers, is mainlv iluc 
to the habit that they have generallv acquired, of 
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regarding consumers collectively instead of individually, 
and estimating the cost of supplying any one class to 
be the average cost of supplying all classes, thereby 
overlooking that it is quite possible that more profit 
may be derived from the supply of electricity to small 
long-hour consumers at a low rate than from the 
supply of large consumers, such as extensive stores, at 
a much higher rate. 

IMPOKTANX'E OF THH TARIFF (QUESTION 

The author doubts the possibility of much financial 
success attending the efforts of central station managers 
until they dismiss from their minds the idea that large 
consumers' bills necessarily mean large profits, as very 
frequently the reverse is the case. Although it seems 
a mere platitude to say that a small business with a 
large profit is better than a large business with a 
small profit, yet this would not appear to have been 
generally realized, if we are to judge by the great 
inducements frequently given in the matter of dis- 
counts off heavy bills to consumers, irrespective of 
whether the conditions under which their electricity 
has been supplied have yielded a profit or a loss, 
while very little inducement, if any, has been offered 
to the small consumer, who requires light for long 
hours, in order to tempt him to use electricity for 
lighting purposes. 

The author trusts it will not be imagined that, 
because he has expressed such a keen appreciation of 
the small long-hour consumer, he does not appre- 
ciate the large consumer having the same qualification. 
His contention is that, if an equal rate of profit be 
charged to all consumers of every class and size, 
the field for profitable extension is practically bound- 
less. 



In this paper the writer has tried to confine him- 
self solely to the commercial considerations which 
govern the profitable extension of supply stations, he 
being firmly of the opinion that, while engineers have 
been devoting vast energy and time to considerations 
of coal and plant economy, they have neglected the 
easiest of all means for reducing the cost of supplying 
the electricity — viz., the adjusting of the charges so 
as to oflfer great inducements to the profit-yielding 
consumers and to charge as high a rate as possible to 
the unprofitable ones ; this will assuredly broaden out 
the average load curve of the station and increase 
the usefulness of the investment. Although in large 
stations the question of coal economy comes almost 
next in importance to that of the necessity for abso- 
lute reliability of supply, the paramount consideration 
must always be the arranging of the tariff so as to attract 
the most profitable classes of consumers. The raw 
materials of electricity supply — viz., coal, water and 
stores — have in many stations been brought down to 
a little over one cent per kilowatt hour, and all the 
resources of engineering, so far as we now know 
them, can only help us to make a fractional improve- 
ment on that small figure. 

EFFECTS i»F VAKIOIS METHODS oF ( HARGINc; 

It may be argued that if the principle of equal 
rates of projit from all consumers be carried into effect, 
it might result in a serious loss of revenue to the 
supply stations, owing to the large but short-hour 
consumers objecting to the higher rates thereby 
necessarily charged to them ; in practice, this need 
not be feared, as consumers of that type are generally 
either unable to dispense with electricity or are in 
sufficiently good positions to be able to afford to 
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pay comparatively a high price for the luxury of 
having the best light procurable for a short time per 
day, or at irregular intervals. Moreover, any con-, 
sumer discontinuing his supply for the reason that he 
was charged at a higher rate than his neighbors, 
would not necessarily be a loss to the supply com- 
pany, as, unless he is a source of profit, the plant 
allocated to his wants could be better employed ; in 
fact, it certainly would be greatly to the advantage of 
many stations having a uniform rate of charge if they 
were to disconnect some of their large short-hour 
consumers instead of increasing their capital in order 
to extend their plant. 

A perfect answer to these short-hour consumers, 
who object to pay a higher rate than their long-hour 
neighbors, is that under no circumstances whatever 
ought their supply to involve a loss to the supply 
company or increase the charge on the more profit- 
able classes, as it is obviously very sound commercial 
practice in every business, without exception, to encour- 
age the profitable, even at the risk of losing some of 
the profitless, business. 

American central station managers were among the 
first to recognize that the cost of supplying a given 
quantity of electricity depends, in nearly every case, 
far more on the time over which the supply is spread 
than on the quantity taken, and early saw the com- 
mercial unsoundness of indiscriminately supplying all 
consumers at the same fixed rate per lamp hour or 
kilowatt hour, regardless of the varying lengths of time 
over which the supply was spread ; but they, with 
many others, have been deterred from changing their 
method of chaiging by the doubt as to whether a 
more equitable one could be successfully carried out 
in practice. 



If it l)c theoretically sviund tiiat ihe cost of sup- 
I'lying flectricity generally depends chiefly on the 
length of time the necessary plant and mains arc 
used, il seems an obvious corollary that the charge 
for the supply should conform to the same law. The 
iiuihor hopes to show that this theoretically correct 
principle can he successfully carried out in practice to 
the great advantage of both the supply stations and 
the general public. He moreover contends that it is 
impossible for a general supply to l»e given at so low 
an average cost or price on any uniform basis of 
chaise as il can be on an e()uitablc sliding-scale tariff, 
as a uniform price necessitatfs the long-hour, or profit- 
yielding, consumers having to make up to the company 
the loss incurred in supplying the short-hour con- 
sumers; this must tend very greatly to limit the use 
of electricity by the long-hour consumers, and, further, 
to bring to the station a large and undesirable 
class who are thereby enabled to get their supply 
at less than its cost, and surely means placing quite 
an unnecessary and unwise limit to (be lowering of 
the price at which electricity can be profilablv 
supplied. 

If the principle of a sliding scale based upon the 
more or less prolonged use of ihe maximum demand 
is correct, then, on every consideration of practice and 
iif p*)licy, it should be applied to each consumer with- 
out distinction. 

Uniform rates mean that, if high, they discourage 
the only class of business yielding profit ; and if low. 
mean a heavy loss on supplying short-hour consumer-.. 
which they directly encourage. Moreover, a uniform 
rate can never he so low for the supply of electricity 
to long-hour consumers as charges on an equitable 
sliding-scale system. 
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The author hopes to prove, by the figures given 
later, that a uniform charge for electricicy limits its 
use to the classes, and that it is only by the system 
of making the charges follow the same law as the 
costs that the masses can be reached. This limiting 
of the use of electricity to the select few is still more 
aggravated by the prevalent, but highly pernicious, sys- 
tem of only giving substantial discounts to large con- 
sumers, irrespective of their manner of consumption. 

One would think, to judge from the load curves 
of many of the central stations charging on the uni- 
form price system and giving discounts in proportion 
to the amount of the consumer's bill, that nine-tenths 
of the population went to bed about eight o'clock in 
the evening, or, in any case, did not require artificial 
light after that hour ; yet the amount of light 
required from then until ii or 12 p. m. must be 
immense, and, being a prolonged load on the central 
station, would be taken under the most favorable con- 
ditions for cheap supply. As a matter of fact, in 
such towns it will be generally found that consumers 
pay two lighting bills — one for electricity, which, by 
reason of the high uniform rate of charge, only is used 
in the short-hour lamps in conspicuous places, and 
another for gas or other illuminants, which are used 
in the long-hour burners, by reason of their lower 
price — yet the actual conditions under which these 
different lights are produced and supplied favor quite 
the reverse. 

It is important to bear in mind that gas is con- 
sidered good enough in a considerable proportion of 
the situations where artificial light is required, and 
competition with it, in such positions, must be on the 
basis of cost. The public freely admit that electric 
lighting is necessary for living rooms, offices, shops. 
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theatres and restaurants, luit with electrical energ)' at 
a uniform price, or other form of restrictive tariff, they 
are apt to remain satisfied with gas in corridors, kitch- 
ens, bedrooms, girls' workrooms, etc. 

Although there are very few men who, having- 
studied the question of the cost of supplying elec- 
tricity, will now deny that this has to be provided 
and delivered under essentially different conditions from 
those appertaining to the supply of commodities, such 
as gas and water, yet it is not liy any means so gen- 
erally recognized as the author thinks it must ulti- 
mately he, if the use of electricity is to become 
equally general, that these great differences in the 
methods of production and supply are so radical that 
they necessitate entirely different methods of charge. 

Taking the cases of gas and electricity supply, in 
the former, owing to the low cost and cfTiciency of gas 
storage reservoirs, it may he taken as nearly correct that 
one consumer taking the same quantity of gas per 
annum that another does, but at quite a <iiffercnt maxi- 
mum rate, will cost the gas company practically the 
same amount ; whereas, with electricity, owing to the 
greater cost of, and unavoidable loss in. storage bai- 
tcries, compared to the cost of a boiler and steam 
dynamo plant of equal maximum output, it can be 
shown that a kilowatt hour, consumed in. sav, half an 
hour, may quite possibly cost the company nearlv ten 
times as much as if the same consumptinn had been 
spread over ten hours in the same day. owing to the 
capital outlay and standing charges being so enormously 
greater in the first case compared with the second. 
Now the author challenges any one to prove that it 
can he either equitable or even commercially exj>edicnt 
to charge for these two equ.il quantities of electriciiv at 
the same rate per kilowatt hour. Moreover, he asserts 
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most emphatically that, unless the charges for these 
equal quantities vary in about the same ratio as their 
respective costs, the supply companies are seriously 
discouraging their very best consumers and actively 
encouraging the most undesirable class they can have, 
and so long as the many-hour user of light is expected 
to pay the cost of keeping plant standing idle for 
other people, so long will he stick to gas if he is in 
a small way, or prefer an isolated plant if he is wealthy. 

J>ISCOUNTS ox CONSUMPTIOX 1»ER J.AMP FIXED 

II may be said that all this is very much like 
thrashing a dead donkey, as many managers have long 
ago introduced the system of giving discounts in pro- 
portion to the number of lamp hours consumed per 
lamp fixed per annum. However, the author's con- 
tention is that, although this is an honest attempt to 
solve the difficulty, the counting of the lamps and 
estimating their current-consuming capacity is only 
applicable to those stations that cater merely for street 
or similar lighting. 

The author maintains that, for anything else than 
street lighting, this system must have a very pernicious 
effect on the development and extension of the supply 
business, for the following reasons : 

Firstly, as the discount given is frequently inversely 
as the connected load (a strange method surely of 
encouraging the public to give a whole-hearted sup- 
port to electric lighting), a consumer usually installs 
only those lamps he can use very freely, and, under 
this scale, the longer he runs them the larger will be 
his '"bounty" in the shape of discounts; as he knows 
very well that if he fixes any less frequently used 
lights, his consumption per lamp, and, consequently, 
the discount given him, will decrease, so he stops 
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short of the number he wouUl like to use, and eicc- 
iric lighting remains for him a luxury strictly confined 
between the limits of certain business or social 
requirements. 

The economic disadvantage of this method of 
charging, then, is that it tends to contract the load> 
curve and drive up the puak, which seem to the 
author fatal to this system. This restriction of the 
use of electricity must prevent the consumer's individ- 
ual load curve being broadened out by the use of 
lamps that, although not used for many hours 
daily, yet are used at a time when many of the 
uthers are extinguished. It is obvious that the more 
generally a building is wired the more natural is It 
that a prolonged demand for current from the supply 
station should result, In domestic lighting and In 
comjKTtition with isolated plant supply, giving dis- 
counts only on lamps actually fi.xed is prohibitive ; a 
domestic supply of light is very imjierfect unless it 
can be bad when and where required, and in both of 
these cases it seldom happens that anything like all 
(he lamps are required to be lighted simultaneously. 
By this method uf discounts, hotels and private resi- 
dences, which afford probably the most profitable 
field for electricity supply, would be charjjed at a 
rate so high as [o prohibit the general wiring 
of ihcm, although, by their being generally wired, 
I heir, load curves would be so spread out as to make 
them highly desirable consumers. This method of 
giving rebates must also prevent large business estab- 
lishments from wiring their entire premises, although, 
probably, the lights would be used in the upper resi- 
dential parts when those on the lower floors have 
been extinguished. 



I70 

The second objection is that in practice the 
author maintains it is impossible, in a large business, 
to ascertain with sufficient accuracy throughout the 
year the wired capacity of all the consumers* premises. 
Thi> is patent when wc remember the largely varying 
capacity of lamps, the natural desire and unobjection- 
able habit of consumers changing the candle-power 
of their lamps to suit their varying requirements, and 
the temptation this system offers to fraud ; further- 
more, it is no more equitable to estimate a con- 
sumer's actual demand from his wired capacity than 
it is to rate a motor at its maximum possible output, 
irrespective of its actual^ current requirements. 

The third great objection is the inexpediency and 
great expense of insisting upon the necessary dom- 
iciliary visits in all parts of private houses, hotels, 
etc., which this system requires. These visits are not 
only highly objectionable, so far as the consumers are 
concerned, by reason of the intrusion into the privacy 
of every part of the building, but, from the com- 
pany's point of view, the expense entailed is very 
large, as the visits, to be of any use, must be frequent, 
and the time expended in counting lamps and noting 
their candle-power is very serious. 

In one way or another the public has tolerated a 
good deal from electrical men — roof fixtures, for 
example — but the author's own experience has led him 
to the conviction that the best policy is to give them 
a good and steady supply on an encouraging tariff, to 
draw the revenue in due season, and otherwise trouble 
them as little as possible. The author can not think 
there is. any finality in a tariff which makes it neces- 
sary for any one to intrude on the privacy of a man's 
premises for the purpose of checking his connected 
load. 



Such a system, lo put it mildly, leaves room for 
considerable inconvenience to both parties, and. as we 
elect lo call electrical engineering a tolerably exact 
science nowadays. [ think the time for domiciliary 
visits has gone by, as we can get all of the necessary 
figures in the neighborhood of the meter by the use 
of a suitable instrument. 

Finally, no one can pretend to say that there is 
any real connection between the cost of supplying a 
large establishment, such as a Uotel. and the scheduled 
number of lamps installed. .,, 

Fortunately, there is a much cheaper way of deter- 
mining the consumers' true demand on the station 
for supply, consequently the true basis on which the 
chaises should be made — viz.. by measuring the 
greatest rate at which they usually require to be sup- 
plied with electricity. 

Another system now very much in vogue, but 
\ having equally bad effects in preventing the profitable 
development of supply stations, is the unsound practice 
of charging a higher price for electricity consumed in 
lamps than in motors or other current-consuming 
apparatus, thus implying, for some reason, that the 
consumer who requires the use of the station gener- 
ating plant at night should be debited with the whole 
of the standing charges incidental to keeping this 
plant ready, although the same plant may be equally 
used in the daytime to supplv another consumer's 
motor. Surely boili of these consumers ought, in 
common fairness, to share these necessary costs of 
keeping this plant ready. For a rtduclio ad absurdum 
of this practice, wc have only to compare the relative 
profitableness of a basement user of lamps with that 
of an elevator motor, the former being the steadiest 
and long^t consumer any manager can desire to have. 
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and the latter the most objectionable kind of short- 
time u^er of, electricity. . 

THE ISOLATED PLAKT <,)UESTION 

In the author's opinion, one of the most profitable 
fields for extension lies in the displacement of isolated 
plants, which to-day are frequently a curse to the 
supply stations by requiring connections to the com- 
pany's mains as a stand-by against accidents. 

This practice forms one of the strongest reasons 
I he author can quote for the necessity of charging 
each consumer the cost, as nearly as possible, of 
keeping a proportion of the plant and mains ready to 
supply him, just as much as it is necessary to make 
liim pay in proportion to the quantity of electricity 
he consumes. The author maintains that the isolated 
plant question can, by a judicious tariff, be turned 
into a blessing, instead of a curse, and his experience 
leads him to believe that there should be little diffi- 
culty in obtaining practically the whole of the profit- 
able part of this business as regular consumers, instead 
of irregular worries. By no other method than that 
of an equitable sliding scale can this particular 
and generally very profitable business be obtained. 
It is well known that isolated plants are generally 
onlv installed where the demand for electricity is of 
a lengthy nature, consequently they would form a 
most desirable class of consumers if . their permanent 
supply could only be obtained. 

That the result of an equitable sliding scale is to 
get this class of consumer on a central station supply, is 
shown in Brighton, England, where, since the sliding 
scale has been adopted, several valuable isolated plants 
have been secured to the supply station mains, and not 
a single new one has been installed in that town. 
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What is there fundamental in the organism of a 
central station which should enable it to furnish a 
block with electrical energy more favorably than can 
be done by means of ah isolated plant ? Clearly it 
is the diversity of the duty which may be performed 
by the central station. 

The cost of a plant supplying a few premises 
whose requirements make their individual load dia- 
grams pretty closely coincide, must clearly be higher 
than those of a station catering for a wide variety of 
demand, and the more diverse this demand in point 
of time, the greater the output of electrical energy for 
a given expenditure. 

VALIK TO sri'I'LV COMPANV (>!• VARIKl) C LASSlS 

OK (.ONSUMKKS 

Another excellent method of profitably extending 
the business of central supply stations, is catering 
for, as much as possible, different classes of consumers 
requiring electricity at varying hours, and on the 
same principle encouraging consumers to install lamps 
that will be used at different times of the dav and 
night. This diverse supply in a town obviously means 
a much less plant capacity than would be the case 
were all the lamps required for the same purpose and 
at the same time. As an illustration it is onlv neccs- 
sary to quote the two cases of a large, early-closing 
store and a theatre, or, as applied to the individual 
consumer, the public rooms and bedrooms of a 
hotel. In these cases the plant required to supplv 
the store and theatre, or the hotel as a whole, would 
be generally much less than the sum of the require- 
ments of the two classes. In the town of Brighton, 
where the actual demands of all the consumers are 
accurately known, and where the use of electricity is 
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very evenly divided between residences and stores, 
this diversitv factor is now no less than one and one- 
half ; or, in other words, if all the Brighton con- 
sumers were to require, simultaneously, their ordinary 
maximum supply (not their wired capacity), the gen- 
erating plant of the station would have to be increased 
very nearly fifty per cent. 

The consumers have a community of interests in 
flattening out the station load curve, and they are 
bound to do it on a tariff that encourages them to 
wire their premises throughout. 

HKST DIRECTIONS FOR ADDITIONAL CAPITAL OUTLAY 

The importance of considering in which direction 
any additional capital of a supply company can be 
best spent, is also worthy of special study. 

In the author's opinion, it is very much more 
important to run, very soon after the starting of the 
station, mains in all districts of the town in which 
artificial light is used late in the evening, although 
this may be in the districts of the poorer classes of 
consumers, than it is to spend it on coal-saving 
refinements, or in running large mains in districts 
occupied by immense early-closing stores or by the 
mansions of the wealthy ; both classes being very 
expensive to supply, because of the short daily use 
made of the plant by the former, and the latter's fre- 
quent and lengthy absences from home, or the erratic 
nature of their demand. 

The author would specially point out the true 
economy of a liberal supply of distributing mains, 
which can be made to serve the double purpose of 
supplying the street lamps as well as the general 
public. In this connection he questions very seriously 
the wisdom of the practice, resOrted to by many 
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central station managers, of running special mains 
and systems for the sole supply of the public street 
lamps, as by so doing they needlessly increase the 
total cost of supplying the whole of the requirements 
of the district. 

The author thinks that insisting on a high 
initial rate of charge per kilowatt hour, or lamp hour, 
being maintained to each consumer until the annual 
cost of getting the plant in readiness to supply his 
maximum wants has been covered, and then sub- 
stantially reducing the charge for the subsequent 
consumption, forms the basis of a perfectly equitable 
tariff, applicable to all stations and conditions of 
supply. 

KXrLANATIUN Ol TAIJLKS AND Cl'kVKS 

As the knowledge of the profit-earning capacity of 
any electricity supply station so obviously depends 
upon the correct method of determining the cost of 
supplying electricity, the author thinks that the 
accompanying tables, relating to the development of a 
supply station in the fairly representative English 
town of Brighton, will be found interesting. 

He trusts that the results shown in the tables will 
be all the more useful to central station managers 
generally, as the profit-earning capacities of both the 
small pioneering and the large permanent stations 
erected in that town have been amply proved, and 
from which an uninterrupted supply of electricity to 
the public has been given ; the economical working of 
the two stations has also been generally acknowl- 
edged, and, lastly, the efforts there to get electricitv 
generally used have succeeded in a remarkable way. 
as shown by the consumption per inhabitant at 
Brighton lieing far and away ahead of, that* in» ariv 
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other town in the United Kingdom ; viz., seventeen 
kilowatt hours consumed p^r inhabitant this year. 
The columns of the tables have been arranged in a 
form which will enable company managers to compare 
their results with the figures given. 

The first small station was built on the usual 
pioneering lines adopted by many companies before 
security of franchise could be sufficiently assured to 
tempt capitalists to put much money in the concern, 
and the second on the modern lines of a permanent 
station possessing an absolutely secure franchise. As 
both concerns, in their respective years, were quite 
free from any promoter's paper capital, and always 
gave a supply whenever and wherever called upon to 
do so, the author sees no reason why the figures 
given should not form a basis for estimating the cost 
of supplying electricity under the most diverse con- 
ditions, by the necessary alterations being made in 
the cost of capital, coal, etc., and thereby enable any 
manager to find out the proper basis upon which to 
construct an equitable tariff for any particular town 
or condition of supply. 

Columns have been inserted in the tables giving 
equitable charges that should have been made to the 
consumers during the different years On the two 
systems of charging advocated by the author, the 
first being based on the principle of charging the 
amount shown in Column 9, of Table I, per annum 
per maximum kilowatt demanded by each individual 
consumer, and then charging all the electricity con- 
sumed, quite irrespective of the purpose for which it 
has been used, at the rates given in Column 10 of 
the same table ; and the other tariff, which is com- 
monly known as the Brighton system, of charging a 
sufficiently high price per kilowatt hour consumed. 
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until all the costs the company are put to in 
standing by have been covered ; these figures being 
given in Columns ii, 12 and ij, respectively, of 
same table. The fact of this system having been 
adopted in about thirty English towns will convince 
the members of its commercial practicability. 

On this tariff it is advisable to make the differ- 
ence between the initial price and the reduced price 
as marked as possible. 

In the preparation uf the tables, the author has 
employed the method of cost analysis by differences, 
explained at length in his paper before the London 
convention of the Municipal Electrical Association 
in 1S96. In arriving at the total charges against the 
revenue accounts for the respective years, he has 
assumed that all stockholders would be quite willing 
to invest their money if five and one-half per cent 
on it were put aside out of revenue for the purposes 
of redemption and depreciation, and at the same time 
there was a reasonable chance of their getting another 
five per cent, at least, for the use of their money. 
He regards this as sulTicicntly liberal, as, so far as 
his knowledge goes, very few electricity companies 
set aside so large a percentage as five and one-half 
per cent on the whole of the capital for depreciation 
and repayment of capital, exclusive of dividends. 
With this provision the author has prepared the 
columns already referred to. showing what the tariff 
should have been to have produced this satisfactory 
result. 

In a perfectly equitable system of charging, which, 

in the author's opinion, will generally be found 

i' synonymous with the soundest commercial tariff, it 

^K is obviously correct to make every one, whether 

^H using electricity for power or lighting purposes, pay 
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the cost the company is put to m preparing the 
plant to supply the individual consumer's demand. 
Column 9, on Table I, is therefore given, showing the 
cost of so doing during the various years, and it is 
obviously inadvisable to look for a profit on this 
expenditure, or on the service rentals, but to make 
the whole of the net profit for dividend-paying 
purposes on the amount of the electricity actually 
consumed. 

It must be understood that these tables have been 
prepared without making any arbitrary assumptions, 
and that the various amounts for running, standing-by, 
and service rentals have been ascertained by the afore- 
said method of differences and by a close analysis of 
the stations' costs sheets. 

It will be seen from Column 5, Table III, that, at 
Brighton, where coal on the average costs about $5 
a ton, delivered in front of the boilers, the cost of 
producing the electricity has always been very small 
compared with the cost of getting everything ready to 
supply. 

The author need hardly remind company managers 
that where coal is relatively cheaper, or water power 
is the source of energy, this proportionately large 
amount of standing-by costs will be still further 
increased. 

It may be thought that all this great cost of 
putting the station in a position to run, compared with 
the cost of actually running the machinery, will 
practically disappear with a large extension of the 
motor supply business. This, in the authors opinion, 
is a complete fallacy, as the lighting load in any town 
will be very similar, however general the supply may 
become, and whether a constant day load is added to 
this or not makes no difference at all in the relative 
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cost of supplying lamps one hour or, say, four hours. 
Until storage batteries become much cheaper than 
steam generating plants, the ratio of the standing costs 
to the running cost for lighting purposes will remain 
high. 

As the standing charges of late years at Brighton 
have been found to rise nearly in proportion to the 
maximum annual load on the station, the author, in 
estimating the cost of supplying any consumer, debits 
him with an amount of the standing charges in pro- 
portion to his maximum call for current. 

The author calls the members' particular attention 
to Column 4. Table V, showing the enormous increase 
in the sales per maximum kilowatt load on the station 
that has occurred since the sliding scale of charging 
was adopted, at the beginning of the year 1893. 
From the column it will be noticed that this pro- 
longation of the use of the plant has been no less than 
fifty-four per cent in four years, and it is perhaps need- 
less for the author to point out what a great effect this 
has had in reducing the cost of production, as, with 
coal costing even the high price it does at Brighton, 
an improvement of the load factor of only three per cent 
has the same effect in reducing the total cost of pro- 
ducing electricity as if the coal bill had been reduced 
fifteen per cent. 

It will be noticed from the tables that the only 
items that were found to vary with the amount of 
electricity actually sold from a given plant, were 
coal stores, water and repairs. Should any managers 
find that their wages or other costs vary also on this 
account, it is easy to separate these into standing-by 
and running costs by the above simple method of 
differences. Perhaps it may be well to remind those 
members who did not read the author's paper on the 
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"Cost of Electricity Supply", in England, last year. 
that this method of analysis l)y difft-rences is a means 
for determining the cost the station is put to in 
having to supply every additional kilowatt hour from 
its plant, and it consists in dividing the difference 
between the amounts debited in the six winter and 
six summer months, respectively, to the special account 
required to be so analyzed by the difference in the 
number of kilowatt hours sold in these two respective 
periods, the result giving a very correct estimate 
of the running cost per kilowatt hour during that 
year. 

In the comparison of the cost of an electric lamp 
xviih that of gas, it has been assumed that the gas is 
of a quality known as sixteen candles, which, burnt 
ivith ordinary burners, generally gives two candle-power 
per cubic foot. 

!n order to make the comparison, in Columns S, 
(), lo, of Table II, between the charges for electricity 
and gas, applicable to other towns, it seems to ihe 
author fair to assume that the ratio of the cost of produc- 
ing gas and electricity in any one town bears gener- 
ally a constant ratio, as the items which affect this, 
such as the cost of capital, coal, labor, etc., would 
generally vary in similar proportions. 

From Table 1 1 it will be seen that, even in the year 
1893, when something under 300,000 kilowatt houts 
were sold, the charges for a si.xteen<andle-power lamp, 
burning four hours a day throughout the year, would 
have been less than gas at eighty cents per i.ocx) feet, 
and that last year, when the supply was under 1.500,- 
000 kilowatt hours, electricity burnt under these cir- 
cumstances could compete with gas at fifty cents; 
while for street lamps, or lamps used in basements all 
day long, electricity was cheajKr than gas at $1 per 
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i,ooo feet, in 1887, supplied from the small pioneer- 
ing station. 

Columns 11 and 12, of Table II, giving the 
charges for current and total inclusive cost for a 500- 
watt arc lamp, may be of interest, as also may be the 
proper tariff for motive power, shown in Columns 13 
and 14 of the same table. 

To illustrate how impossible it is for electricity to 
be supplied on a uniform tariff at so low a price to 
the lamps used in the average house of the middle 
classes as it can be profitably done on an equitable 
sliding: scale, it is onlv necessary to note that to have 
produced the same amount of profit in 1896 the uni- 
form charge per kilowatt hour would have been, to 
this four-hour class of consumer, 9.3 cents against the 
equivalent charge of 7.5 cents, or at an increased 
charge of twenty-five per cent. 

If we take the case of saloons and clubs, which 
keep open late throughout the year, and burn, on the 
average, their lamps six hours a day, the necessar>' 
uniform charge would have been forty-six per cent 
higher, and, in the case of basement users, using their 
lamps ten hours a day, on the average, throughout 
the year, a uniform charge would have to have been 
seventy per cent dearer than it could have been suj> 
plied on the system of equal profits, whereas the one- 
hour consumer, on the uniform system, would have 
been charged 9.3 cents against the proper charge of 
17.86 cents per kilowatt hour, and. as fifteen cents 
would have been the actual cost to the supply station 
in giving him this kilowatt hour, the company would 
have lost no less than six cents for every kilowatt 
hour so sold. 

It may be thought that the amount of the service 
rentals shown in Column 8, of Table I, to be equitable 



in the different years, may prevent the classes the 
author so strongly suggests should he catered for 
from being able to benefit in point of economy by a 
supply ; but it is easy to show from the tables that 
even in the year 1894, with a sale of 583,701 kilowatt 
hours in any ordinary residence where at least four 
lamps are generally used till 10 p. m., any house- 
holder should have been able to get electricity cheaper 
than gas. Moreover, directly cheaper forms of elec- 
tricity meters are put on the market, and meter read- 
ings can be taken once a quarter instead of once a 
month, as hitherto, these service rentals will verv 
much diminish. 

In case any of the members should be inclined to 
think that there is no necessity to depart from the 
ordinary method of charging a uniform price per 
lamp hour, the author has prepared the curves 
showing how very slightly the total costs of a 
central supply com})any vary in the different months 
of the year, notwithstanding the enormous variation 
in the number of kilowatt hours sold. These curves, 
in the author's opinion, are the most speaking con- 
demnation any manager can possibly have of the 
commercial unsoundness of the uniform method of 
charging. 

In order to demonstrate verv clearlv the effect of 
the gradual development of the business on an 
equitable sliding scale of charges, the author has 
prepared the curves showing how the varying charge 
per kilowatt hour, according to the number of hours 
the demand is used, has diminished in the various 
years, as many managers have suggested that this 
necessity for a high initial rate will disapjiear on 
electricity being more generally used. 
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DISCUSSION 

The President : Before calling for discussion of 
this paper, 1 might explain that Mr. Wright has left 
out a good deal of the paper in reading it, owing to 
the fact that it has been in the hands of all our active 
members for some time, and in order to allow more 
ample time for discussion. I now call for a discussion 
of Mr. Wright's paper. 

A Member: I should like to ask Mr. Wright 
what his machinery is ; whether it is in large units 
connected, or whether it is in small units. I presume 
that he runs by steam condensing. Of course, we do 
not know his conditions, and it might be interesting 
to learn a little more of them. 

Mr. Wright: 1 would answer the gentleman by 
saying that the whole of the plant is direct-connected, 
and. in the years analyzed, there was no condensing 
plant. 

Mr. Bean: I should like to ask Mr. Wright what 
is his longest transmission line? 

Mr. Wright : Two miles from the station. 

Mr. Ferguson : I should like to ask Mr. Wright 
what the lease price is for a kilowatt hour. 

Mr. Wright: Fourteen cents. 

Mr. Ferguson: The price for extra hours? 

Mr. Wright: Three cents. 

Mr. Ferguson: Is it an additional three cents per 
hour for every additional hour? 

Mr. Wright : Yes, sir. 

Mr. Ferguson: What is your average income? 

Mr. Wright: The average income per kilowatt 
hour — this year it will be six cents. 

Mr. Ferguson: Then. I should like to ask, Mr. 
Wright, what the cost is? I didn't quite gather that 
from the tables. 
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Mr, Wright : You mean in the year 1893 ? What 
vear, sir? 

Mr, Ferguson : Last vear. 

Mr. Wright: It is not given here. The actual 
cost came under eight cents. This year (I answered 
that about six cents is the average revenue) it is very 
much less. The tables refer to last year, and my first 
answer referred to this year. 

Mr. Insull: Do I understand that the plant was 
run at a loss last year? 

Mr. Wright: No, sir. 

Mr. Insull: The cost was eight cents? 

Mr. Wright : Yes. 

Mr. Insull: Per kilowatt hour? 

Mr. Wright : Yes. 

Mr. Insull: And the selling price? 

Mr. Wright: Last year we derived about nine 
and one-half cents. 

Mr. Beggs: I should like to ask what the selling 
price of gas is? I do not know whether that is state*d 
in the paper or not. 

Mr. Wright: Sixty-six cents per thousand. 

Mr, Beggs: And on your most favored customer 
you are discounting gas fifty per cent ? Is that the 
fact? 

Mr. Wright: Four-hour or ten-hour customer? 

Mr, Beggs: Your most favored customer. If you 
are selling electricity at three cents per kilowatt hour, 
you are selling upon the basis of gas at thirty cents 
per thousand cubic feet. 

Mr, Wright: You have forgotten the first hour 
being charged at fourteen cents. 

Mr, Beggs: I am not asking about the first hour; 
I am asking what your most favored customer would 
get on his average] cost ? 
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Mr. Wright: It all depends on the number of 
hours he uses it ? 

Mr. Beggs : For instance — I am asking you now 
to take your most favored customer — the customer 
that gets from you the lowest rate that you give from 
your station ; what is his rate per kilowatt hour on 
his entire consumption ? . 

Mr. Wright : It is on the table ; three and one- 
half cents is the average. 

Mr. Beggs: Then, in other words, I simply claim 
that, in my opinion, you are doing a very great 
injustice, and one that would have aroused such a 
warfare in this country as would have antagonized 
many interests that we have found it desirable really 
to work in harmony with. In other words, you are 
cutting the price of gas in half to your most favored 
customer, and, in my opinion, it is a very great 
injustice to your customers whom you are making 
pay a very much higher rate in order to pay for this 
extremely low rate that you are making to your most 
favored customers. We have not yet gone quite so 
far as that in this country, even on our basis of 
charging more than uniform rates, and without this 
great amount of detail to arrive at it and some 
sketch by which a customer can know what his bills 
will be. I simply wanted to draw out the fact of 
how greatly you were undercutting the price of gas. 
In this country, a certain gentleman on this floor 
knows that I have for several years taken the position 
that we must ultimately compete with gas. I have 
never felt that we ought to cut under gas. My whole 
policy for the last fourteen years that I have been 
managing electric lighting plants has been to bring 
down the price of my commodity to the price of 
gas ; and I do not to-day give any customer on 
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the lines of the companies that I supply electric 
light for, less than the basis of gas. I claim that 
we do not need to depreciate its value ; but I 
do believe that the time has come when, to hold and 
increase our business, we must put our commodity 
upon the same basis as that on which gas and water 
are sold, and we are trying to do that. For instance, 
my lowest rate for electric current is ten cents per 
thousand watts. That is upon the basis of gas at one 
dollar per thousand cubic feet. Now, 1 do not think 
that it is necessary to go below that in order to com- 
pete with gas. But, gentlemen, there is another factor 
that we are all called upon to compete vvith, and that 
is our own friends, the installers of isolated plants. 
They are the greatest menace to our central stations 
to-day. They are the people that 1 fear far more 
than the gas companies ; because I do not fear any 
gas company in the United States to-day. I told one 
of the most prominent gas men in this country, 
possibly (a man who has antagonized and fought the 
electric lighting interests with more intelligence than 
any man I know), three years ago, when I went into 
a hostile community to see if it was possible to sell 
some electric current there, that 1 could compete 
with his gas at fifty cents per thousand feet and 
lose less money than he lost when he attempted 
to follow the price. It had a very wholesome 
effect, I tell you, gentlemen. And while he 
thought I was a fool, at that time, or a crank, 
or an enthusiast, as he said, upon the subject 
of electric lighting, I think his opinion has very radi- 
cally changed in the three years. But what we are 
called upon to compete with to-day, and what 1 think 
this association is having a restraining effect upon, are 
the brethren throughout the land who are installing 

14 
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isolated lighting plants, by which they can show the 
owner of a large building — and I am going through 
one such experience at the present time ; am called 
upon nearly every week to do so — where he can prove 
to the owner of a large building that he can install a 
plant, that he can run it twelve months without cost, 
and, at the end of the year, can declare a dividend to 
himself. And there are those here that are in charge 
of these manufacturing companies who won't employ 
an agent unless he can demonstrate that. I speak 
advisedly, because I used to have some of them in 
my employ. But, gentlemen, I believe in a uniform 
rate that is not so complicated as Mr. Wright's 
methods. I have made a uniform rate, and I am 
trying to make it as simple as possible. I am 
gradually getting down to a basis, and I believe that 
the more intelligent central station managers through- 
out the country — and not only charged with the man- 
agement, but the larger central stations in this country 
to-day are those that are in the hands of people who 
have large investments in the properties they are man- 
aging — they are called upon, not only to count the 
coal pile and the gallons of water, but they have mill- 
ions of capital for which they are responsible, and 
they must look upon the returns for that. It is the 
amount of your bank balance at the end of the year 
with which you pay your dividends and profit and 
depreciation-reconstruction reserve. There is one factor 
that has been largely overlooked in the years gone by. 
In the companies with which I am connected, I have 
opened an account, whose technical ledger title is 
** Depreciation-Reconstruction Reserve," to which a 
certain amount of money is carried monthly, and car- 
ried as a liability of the company, and the funds kept 
in hand for use in the years to come, when either our 
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present installations may become antique, or some 
unforeseen circumstance arise whereby we could not 
have the means to put ourselves in position to com- 
pete with the advances made in either the production 
of gas or more modern electric lighting plants. And 
that is the strongest assurance we can have. I may 
say. in a general way, that I make a scale and I pub- 
lish it. My schedule of rates and discounts is pub- 
lished on the back of every bill that goes to every 
customer in my companies. I throw out the challenge 
that if any customer can find a cut in that rate he 
may publish it as my standard rate. . I am well aware 
that that cannot always be done to start in with. For 
instance, I have my bill here in my pocket — these 
things have to be considered in view of the local con- 
ditions — I start in with a bill of five or ten dollars, 
giving a certain discount that brings it down ; but 
when the customer is using fifty dollars* worth monthly, 
the price of that current is exactly what he would 
have paid for any number of candle power of gas 
equal to mine. In other words, it equals one dollar 
per thousand cubic feet. I have tried to get my sta- 
tions in such position that if the gas companies cut 
to fifty cents per thousand cubic feet I can follow, 
and still be prepared to make some money. This is 
the point I wish to bring out in this suggestion regard- 
ing Mr. Wright's paper. He shows you that it is 
profitable to sell electric current at three and one- 
half cents per kilowatt hour, or thirty-five cents per 
thousand cubic feet of gas. That is the rate. 

Mr. Insull: Mr. President, Mr. Wright and 
gentlemen, I do not think that the question Mr. 
Wright has brought up for our discussion is one as 
to whether or not it is good policy for us to compete 
with gas. I do not think that is the question with 
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which we have to deal under this ipaper. He has 
brought before us the question as to whether we 
should get a return on our investments from every 
customer that we may connect to our circuits ; and 
he has drawn our attention to the fact that if you 
will figure fixed charges and dividends and adminis- 
trative expenses, you will have got the highest item of 
cost per kilowatt hour ; in fact, from five to ten 
times as big as any other item that you can get on 
your cost sheet. I am running a company that is 
applying the Wright Demand system in practice, but 
not in theory ; and, as Mr. Wright has been kind 
enough to give us credit on this side for the first 
development of central station lighting, I should like 
to bear witness here to the fact that the policy adopted 
by the company that 1 am running was adopted 
partly on the reading of one of Mr. Wright's papers 
by my general superintendent, Mr. Ferguson, and 
partly as a result of a conversation that I had with 
Mr. Wright when going from Thames Ditton to 
London some three years ago. As Mr. Beggs 
pointed out, we have to compete with the isolated 
plant. That part of his remarks 1 especially wish to 
emphasize here, and I assure you, gentlemen, that if 
you are going to assume that the lowest price that 
you can charge for electric current is the price that 
is at present charged for a unit of light by the gas 
companies of this country, you cannot compete with 
incandescent isolated plants. I can show you cases 
where you have got to go as low as six, or four, or 
four and one-half, cents per kilowatt hour, if you are 
going to compete with the isolated plant ; and if you 
expect your business, not in the large cities only, but 
in the smaller cities, to assume anything of the pro- 
portions of the gas business as a lighting enterprise, 
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you have got to face the difficulty of competition 
with isolated plants ; and whether you adopt one 
method or another, — whether you adopt the meter, 
which is practically the result of Mr. Wright's advo- 
cacy of his variation of charges, and charge a fixed 
rate for a given period, and a much lower rate for a 
longer period, or whether you figure out the amount 
of time each customer uses your investment per day — 
you get around finally to practically the same results. 
I can show you two buildings, practically alike, not 
the length of this room apart. In one building the 
average consumption of light is 200 hours a year, and 
in the building on the other side of the street, the 
average consumption is 2,000 hours a year. Now, is it 
fair that when you have to provide precisely the same 
investment for the man that uses your investment 200 
hours a year, you should charge him on the same 
basis as the man that uses your investment 2,000 
hours a year ? And that is the basis of the proposition 
laid down here by Mr. Wright. It is a question of 
getting a return on investment ; getting a correct share 
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of your dividends, if you are fortunate enough to pay 
them, from every customer ; getting from every cus- 
tomer a correct share of your administrative and other 
general expenses. I care not, in figuring my price 
list, — whether it is a published list or a confidential list, 
whichever may be the best to use, changing with the 
local conditions — I care not whether I am competing 
with gas or tallow dips. I am running my company 
to satisfy my stockholders, and I can only satisfy my 
stockholders by giving them a return. 

A short time ago I was foolish enough to go 
into print ; I usually avoid it. I made the statement 
that there were some of our companies in this 
country selling as low as six cents per kilowatt 
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hour. My friends of the gas company in Chicago 
drew my attention to that statement, and said that 
meant sixty-cent gas. They had told me a few 
months before that it didn't mean sixty-cent gas, 
because there was so much difference between a 
sixteen-candle-power lamp and a five-foot gas burner. 
But I admitted it ; 1 said, ** Yes, it means sixty-cent 
gas." But what are the facts? I suppose some of 
you must have been in Chicago at one time or another, 
and know that we have in the centre of the town a 
lot of very big department stores. Unless I was will- 
ing to do business on the basis of six cents a kilo- 
watt hour, I might just as well take-up our conduct- 
ors and get out of the territory where those depart- 
ment stores are. What do we find ? The people who 
run those stores, owing to the changed conditions and 
the character of illuminant that they can use, find that 
they can use an illuminant that does not give a great 
deal of heat ; they can light up their windows ; they 
put goods in the front of those windows, and they 
depend all day upon artificial light. Would this be 
possible if they had only gas to depertd upon for arti- 
ficial illumination in those stores ? Why, it would get 
so hot that they would have to get out of them ; 
they would get no customers in their stores. But with 
arc or incandescent light the condition is entirely dif- 
ferent. And what is the result ? Our investment in 
lighting plant is in use a great many more hours a 
day, owing to the fact that they can use an illuminant 
that enables them to run their business with artificial 
illumination. Would you expect that the man that 
burns his light ten hours a day, 3,000 hours a year, 
should pay the same rate per unit as the man that 
burns it 200 hours a year? Mr. Beggs, in reply to 
that, would say that his basis of discounts gets over 
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the difficulty ; but that is not so. We have one build- 
ing where if our bills were rendered against the owner 
of the building instead of the tenants, they would be 
entitled to our biggest discount. It is the largest 
building in Chicago, and yet, as a matter of fact, it 
is not very profitable business at twenty cents per 
kilowatt hour ; whereas a man that has a comjJara- 
tively small store, on State street, and who pays just 
about the same amount per annum, — why, his business 
is ever so much more profitable at seventy per cent 
off twenty cents a kilowatt hour, or six cents a kilo- 
watt hour. I rise to indorse the scheme Mr. Wright 
has in view ; that is, the result he wants to achieve. 
I tell you, gentlemen, it has more to do with making 
our small plants successful, and saving the appearance 
in some of our papers before this association of the 
sjtatement that the only profitable business is the city 
contract, than anything else you can discuss at this 
convention. 

Mr. Stetson: Mr. President, 1 congratulate the 
author of this paper upon the manner in which he 
has presented this important contribution, and the fact 
of its discussion by the two gentlemen who are prob- 
ably better able to present their different sides of the 
question than any other two men in the United States. 
I believe my friend on the right (Mr. Beggs) would 
be a little lonesome if he tried to compete with gas 
where three feet of gas at less than one dollar per 
thousand furnishes some fifty to seventy-five candle 
power light. That is done in the Welsbach burner. 
And if my friend on the left (Mr. Insull) had not 
fully illustrated that the position that the electric light 
occupies is one that is entirely impossible for gas light 
in the case of large installations, where the heat would 
be such as to make it prohibitive, an important ele- 
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ment of the discussion of the subject would certainly 
have been omitted. We do not want to fight the 
light question on the ground of competition with gas ; 
I do not believe in that. You have two commodities 
that have to be used in different relationships entirely. 
And I do not believe that this paper is entirely cor- 
rect in its principle and its application. I believe that 
one lesson that should be learned is that our patrons 
should be educated to understand that there is money, 
that our plant represents money that is lying there 
every minute of the time, and that it absorbs value, 
and you have to get from that value some return. If 
a person only wants his light for a temporary conven- 
ience, it is not right that he should have the absorp- 
tion of that capital at the same rate as one that burns 
our light constantly. I am thoroughly in sympathy 
with the general trend of this paper, and I think that 
we ought to express our gratitude that it has been so 
thoroughly elucidated. I believe that it outlines a 
new course to be struck out in the future in this 
country, and one that will be successful in saving a 
great many of the smaller installations that, very unfor- 
tunately, do depend on municipal lighting for their 
business ; and if there were a more just and equitable 
distribution of the cost, it would be quite possible not 
to lie awake nights to think about the matter so 
much. I am thoroughly thankful for the discussion 
on either side, and for the paper primarily. 

Mr. Ferguson : Mr. Wright says he charges on 
the basis of the load factor — on the basis of average 
load and maximum load — but he makes no distinction 
in regard to the time of day in which that maximum 
load comes. In other words, he charges the same rate 
to a customer who has his maximum load at five 
o'clock in the afternoon, which is the time of the 



20I 



maximum load at the station, that he does to a cus- 
tomer who has his maximum load at three o'clock 
in the morning, when the central station has very 
little load at all. I think Mr. Wright could go a step 
farther in his work, and make a difference depending 
on the time of day at which the maximum load 
comes ; because the interest charges for the man that 
has his maximum load at three o'clock in the morn- 
ing are practically nothing, because he uses machinery 
that would otherwise stand idle ; whereas the man that 
has his maximum load at • five o'clock in the after- 
noon requires additional machinery, and therefore his 
interest charges would be greater. That would be piled 
on top of the whole interest charge of the station. 
Therefore, I think the man that uses the maximum 
load at five o'clock in the afternoon ought to pay a 
higher rate than the man that has his maximum load 
at three o'clock in the morning. 

Mr. Wright: The question of what time of day 
you charge your consumer for the interest and other 
standing charges of the plant that is required to supply 
him — my answer to that is that all these standing 
charges are not hourly, monthly or daily charges. 
They are an entire charge against the whole invest- 
ment, and if you have an installation taking current 
up to six o'clock, and another equal installation taking 
current after six o'clock, both these installations ought 
to pay half of the necessary investment charges, and 
not one. I do not see why you should charge the 
night user the whole of the standing charges. Vou 
surely ought to divide the standing charges between 
the two. Why should you charge the man who uses 
it after six o'clock and not the man who uses it 
before six ? To answer your question, you must take 
individual cases. I cannot imagine a better answer 
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than to imagine two equal plants using the light at 
different hours of the day. You must charge each its 
fair proportion of the total investment, and if they 
are equal installations you must charge them equally 
half the cost. Divide the cost of your plant between 
the two. It is unfair to charge one more. Why not 
charge them both equally ? 

Dr. Fenner : Mr. President, I have been very 
much interested in Mr. Wright's paper and also in 
the subsequent discussion. I had not the opportunity 
to read Mr. Wright's paper carefully, and, as he 
omitted a good deal of it, I presume there is in it 
what I failed to catch. But it seems to me that his 
paper is rather one on the theory of operation than 
on actual practice ; and I believe that if he would give 
us a five minutes' talk, and tell us how he goes to 
work practically to charge in Brighton, it would be 
very interesting to all of us. Now, for instance, I 
am just entering the business ; I run a street railway 
from Dunkirk to Fredonia. We have installed an 
electric light plant ; we did so about three years ago. 
Gas was selling there for $2.50 a thousand. We 
began at $1.50, the equivalent of that, for electric light. 
The gas company dropped their price to one dollar. 
We dropped to one dollar. Both plants have been 
run at a loss for two years and a half. We have 
lost about fifty dollars a month, and the gas company 
has lost about $1,000 a year. Now that is finally at 
an end ; 1 bought the gas plant the other day. 

The President : Is that charged to depreciation, 
Doctor ? 

Ur. Fenner: It will have to be, I guess. Now, 
practically, I am going to work to make the charges 
satisfactory. 

Judge Armstrong: Satisfactory'^ to whom? 
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Dr. Fenner : That is, to make some money. 
And another problem is not to offend the citizens, 
who have a great liking for cheap gas and a great 
disdain for cheap electric lights. Of course, we had a 
poor gas until we put in the electric light, and then 
it became good. And the Welsbach burner came in 
at that time ; everything seemed to conspire to keep 
back the electric light plant. Now we have got so 
we don't care. But continuing Mr. Wright's discourse 
here, which is the theory of charges, I should not 
know how to go about it practically until I studied 
his paper more, and I thought perhaps he could 
elucidate it further here. Here is a store, for instance, 
that has been paying the gas company $ioo a year, 
and they have been metering it at 100,000. Now 
they would like to have a couple of arc lamps and 
fifteen incandescent lamps, and would run until ten 
o'clock at night. Then they would run in the morn- 
ing, and if it was cloudy weather they would run all 
day. Well, how to go to work to rate them on 
electric light is the question with me. Here is a 
private house that has been paying about twenty-five 
dollars a year for gas ; they would like to have electric 
lights run to them, converter bought and meter 
bought ; and what rate could be made ? I see you 
do not say much about metering ; I had supposed 
that the really economical way of doing this was to 
meter the electric light to them, just as wc do gas. 
I won't take your time any longer, but I thought 
that Mr. Wright might elucidate his proposition very 
nicely with a five minutes' talk here. 

Mr. Wright: With your permission, Mr. Presi- 
dent, I should like to answer the gentleman, because 
it is obviously necessary to show how we do it in 
practice. One of the members stated that it was 
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complicated. There is an instrument put alongside of 
the ordinary meter ; this instrument tells the station 
manager and the consumer how much per annum he 
must pay the company to pay off the charges for 
getting the plant ready. The ordinary meter shows 
him the total bill. This is what we call the demand 
indicator. The meter shows the total amount of 
electricity consumed, and the demand indicator tells 
him by direct inspection how much of that electricity 
has to be charged at a high rate, and all the balance 
at a low rate, in order to make him profitable. The 
instrument does it without calculation. The ordinary 
meter reads these two instruments. Say you have 
I, GOG units; 700 units have to be charged at fourteen 
■ cents, and the balance of his bill, as rendered by the 
ordinary meter, has to be charged at three cents. 
The instrument does all the calculation. The instru- 
ment shows you at once how much revenue you must 
get from that consumer to pay on your standing 
charges ; and if you get more than that, you charge him 
at the lower rate of three cents ; because, as I show in 
my paper, which I hope the gentleman will read later 
on, the cost of continuing to run with coal as we 
pay at Brighton, after everything is paid for to get 
ready to run, is only one cent ; and we put a certain 
amount of profit on the one cent to bring up our 
total profit on the investment to what we call ten 
and one-half per cent ; five and one-half per cent for 
redemption and five per cent for satisfying the stock- 
holders. The instrument shows you this at once. 
Mr. Insull stated that it might be possible to do this 
without an instrument, but I think the cost of doing 
that would be exceedingly great ; because, if you have 
6,000 or 7,000 consumers, for instance, you have a 
sort of justice rule — I can hardly say arbitrary, but 
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settling each customer's discount as he comes in ; 
whereas the instrument, which is based on absolutely 
scientific principles, can do the work for you, and a 
cheap meter reader, in conjunction with this instru- 
ment, takes the place of a very highly skilled arbitrator. 
I hope I have made myself clear. 

Dr. Fenner: Is that instrurnent connected with 
every consumer ? 

Mr. Wright: Every consumer. 

Dr. Fenner : One end with the consumer and the 
other end in the central station ? 

Mr. Wright: No; next door to the meter, in 
the consumer's place. I might illustrate the working 
of it. Suppose that you have a large consumer, with 
I, GOO lamps installed. The chances are that never 
more than 400 or 500, we will say 600. of those lamps 
are required to be lighted simultaneously. Now, the 
station is only concerned with those 600 lamps, and 
not concerned with the remaining 400. The station . 
has to put down mains and plant equivalent to the 
600 lamps, and the standing charges are therefore 
proportioned to the number of lamps actually required 
to be lighted. And I want to draw the distinction 
between that and the number of lamps wired. We 
charge on the number of lamps required to be simul- 
taneously alight, because that governs the amount of 
plant you have to hold in readiness to supply that 
consumer. Then we say that that consumer must 
pay sufficient to pay the interest and other standing 
charges on that 600-lamp plant. We are not con- 
cerned with the one hundred lamps, we are concerned 
with the 600. If you can find out, as you can in 
some stores, the e.xact number of lamps required to 
be simultaneously lighted, an instrument is not neces- 
sary ; but when we come to the larger field of 
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domestic lighting, that becomes impossible ; it becomes 
too complicated. 

Dr. Fenner : Do you vary this fourteen-cent 
charge in accordance with whether it is all done in 
an hour or whether it is spread over the twenty-four 
hours ? 

Mr. Wright: Yes. When we first started it, 
we charged fourteen cents for two hours per day, or 
730 hours per annum. As we got larger, the stand- 
ing charges diminished in proportion. Then we dimin- 
ished the time during which it was necessary to insist 
on the high charge. 

Lieutenant Greene : Mr. Wright states that he 
bases his standing-by charge on the maximum number 
of lights required to be burning at any one time. 
How does he arrive at that figure ? For instance, in 
this hotel, 1,000 lights. How do you know how 
many lights they have at one time, maximum ? 

Mr. Wright : Measure it by the ammeter — 
recording ammeter. 

Lieutenant Greene: Do you take that for a 
sufficient length of time to get the maximum ? For 
instance, you say 600 lights ; but they might have a 
convention like this — 

Mr. Insull: Always in circuit. 

Mr. Wright: Always in circuit. Then we give 
him the benefit of this winter maximum. Take the 
maximum in the month of the year in which the 
peak of your main station occurs, and give him the 
benefit of the average of those six maxima. We con- 
sider that gives a fair — not perfect — idea of the 
amount of plant required ; a fairly good idea of the 
amount of plant required to supply him. 

Mr. Ferguson: I do not like to let that point 
go by without replying to Mr. Wright's statement. 
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He thought it was perfectly fair to charge half the 
amount to each customer. Now, I can show him 
why that is not fair. Take as an example, for 
instance, a central station like our own, that has 
certain customers that use the light through the 
twenty-four hours ; others that go off shortly after six 
o'clock, and others that use the light— or power — only 
from twelve until morning. Now, the people that 
run the newspapers are very important people, and 
we sometimes have to favor them so as to keep out 
of print ; and the newspapers, a great many of them, 
use electricity for operating their printing presses, and 
the newspapers are usually printed after twelve o'clock 
at night ; between twelve and morning. Now, it 
doesn't seem fair to charge the newspaper that uses 
the service only from twelve until morning any 
portion whatsoever of the interest charges when they 
use the same machinery that is provided for some- 
body else ; so I think my statement, as originally 
made, is correct. 1 have given that as an example. 
Mr. Wright: I think that a very good illustra- 
tion, sir ; I will try to answer it ; I hope I may con- 
vince Mr. Ferguson. I do not yet understand why 
the people using current for lighting purposes should 
be debited with the whole cost of getting that plant 
ready. I think a certain proportion of that cost should 
be paid by the printing-press people. The fact that 
it is not coincident diminishes the amount of plant 
that you have to put down in your station. Both the 
lighting and the printing-press consumers are indi- 
rectly given the benefit of that non-coincident. You 
do not have to put down so much plant ; your stand- 
ing charges are not so high. The printing-press man 
does benefit from the non-coincident, but when we 
are lighting a man he also has the benefit. The stand- 
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ing charges are not so high, because of that non- 
coincidence. Suppose the printing-press man came 
on the top of the heap. The standing charges to 
both would be very much higher. The fact of the 
non-coincidence is taken into account by the smaller 
standing charges. But we still say, pay fairly ; pay 
for your plant, and do not charge other people for 
the plant that supplies you. 

Mr. Ferguson : Then I take Mr. Wright's answer 
to my question as simply that he will draw an arbi- 
trary line, and call it tifty per cent to one man and 
fifty per cent to the other ; although I think he per- 
haps admits that it is simply an arbitrary division, 
because the interest charges are proportioned arbitra- 
rily to the maximum load at the station. 

Mr. Wright: That is right; and they have to be 
divided among your consumers in some, we will say, 
uncertain way— these standing charges. The question 
is, ought the printing-press man to pay none of these 
standing charges? And if it is granted that he should 
pay some, how much ? We say, in the proportion of 
the ratio his demand bears to the total demand of the 
station. We divide the total standing charges to him 
in the same ratio that his demand bears to the total 
amount of the station. We say that may not be per- 
fectly equitable, but we cannot imagine any more 
equitable system of doing it that would be commer- 
cially practical)le. To arbitrarily say, ** Now, you use 
it after twelve oclock, therefore we will charge you 
no standing charges," seems to me a little unfair to 
the lighting man, and you stop him from using the 
light because of its necessarily higher price. 

Mr. Ferguson : The point is that the man that 
uses the service in the morning, — his service is prac- 
tically a by-product of the station, and what he 



209 

should be charged with would be simply the value 
to him of the machinery at that time ; that is, such 
a ratio between the kilowatt hour he would use and 
that the lighting people use during the daytime at 
the time of the maximum load. But you say that, 
instead of figuring that out mathematically, you take 
it fifty per cent to one and fifty per cent to the 
other. 

Mr. Wright: If they both use the same plant 
at different hours of the day, then I say each must 
pay half. If three people use the same plant at 
three times in the day, then they must pay one-third 
each. They must pay equal proportions of the rate 
at whatever time of the day they use it. This is a 
very long discussion, Mr. President. I hope to be 
able to talk privately with Mr. Ferguson, rather than 
take up the time of the meeting further. 

Judge Armstrong: I suppose the best possible 
compliment we could pay Mr. Wright is just what 
is being paid him here, so far as his paper is 
concerned. I rise to make a motion — and I want 
to say, out of fairness to myself, that it is at the 
suggestion of the chair that I am doing it. Under- 
stand, it is his motion, not mine — that we now take 
a recess until half-past two. The motion for the 
recess is that this discussion can then be continued, 
because it seems too valuable to be lost. And we 
won't take up time in moving a vote of thanks, as 
we otherwise should, to Mr. Wright ; he will under- 
stand that he is being thanked in the most practical 
way possible. 

The President : Before leaving. I have suggested 
that we do not adjourn, but merely take a recess. 
It is nearly half-past one now, and the time in which 
we can get luncheon in the hotel is more or less 
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circumscribed ; and arrangements have been made to 
have a photograph of the delegates taken on the 
lawn. Before you leave, I should like you to listen 
to one or two announcements. 

ANNOUNCEMENTS 

The President : I have here a letter just received 
from Mr. Littell, vice-president and general manager 
of the Buffalo Railway Company : 

**June 8th, 1897. 

** Secretary National Electric Light Association, 

" Niagara Falls, N. Y. 

** Dear Sir : This company extends an invitation 
to the members of your association to visit their 
power house, No. 992 Niagara Street, Buffalo, N. Y. 
In the power house they will see rotary converters 
using power from Niagara Falls, and also power 
generated by the steam plant and used for propelling 
street cars. 

** Yours very truly. 

** H. H. Littell, 
** Vice-President and General Manager." 

The President : I might also state that the long- 
distance telephone line has been placed gratuitously 
at the service of delegates at any time between 
six p. m. and nine a. m. 

Anv member who has not received an invitation 
to Mr. Still well's lecture, for himself or friends, can 
procure one or more by applying at the secretary's 
office. 

The railway certificates that have been turned in 
are now ready for distribution. 

We will now take recess until half-past two. 



FOURTH SESSION 



The meeting was called to order by President 
Nicholls at 3 p. m. 

ANNOUNCEMENTS 

The President : Before resuming the discussion 
of Mr. Wright's paper, I wish to read the following 
letters : 

••Niagara Falls, N. Y., June 9th, 1897. 

"Mr. George F. Porter, 

** Secretary National Electric Light Association, 
•* International Hotel, City. 

•• Dear Sir : In behalf of the Buffalo and Niagara 
Falls Electric Railway, I hereby tender to such of 
your delegates as may accept the same, an excursion 
in special cars from this city to Tonawanda and return. 

•• The trip will occupy but about an hour and a 
half, and the ride along the river is very pleasant. 
The excursion will be timed to suit your convenience. 

"Trusting that your association will enjoy its stay 
in this city, I am, 

•' Yours respectfully, 

''VV. Caryl Ely, 

'* President Buffalo and Niagara Falls Electric Rail- 
way. 
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•* P. S. — Fur overcoats and lap robes may be left 
at the hotels, as the cars are electrically heated." 
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The time appointed for this excursion is such that 
we shall all have to attend in a body, special cars being 
provided for our accommodation. The time appointed 
is five o'clock to-morrow afternoon, and it will get us 
back in time for dinner at half-past six. 

Mr. Bean: Mr. President, I move that the invi- 
tation be aQcepted ; that we visit the place in a body, 
and that we return a vote of thanks to Mr. Ely for 
the invitation. 

The president put the question and it was deter- 
mined in the affirmative. 

The President : I have also a letter from Mr. 
Wm. H. Browne, of the Royal Electric Company, 
Montreal : 

** Montreal, Que., June 8th, 1897. 

*' Frederic Nicholls, Esq., 

** President National Electric Light Association, 

** Niagara Falls, N. Y. 

** Dear. Sir : I regret exceedingly, on my own 
account, to be obliged to advise you that I am unable 
to attend the convention, matters that have arisen 
during my absence at the Canadian Electrical Associa- 
tion demanding all my time here to-day and to-morrow. 

*' I wish to repeat the suggestion made to you on 
the train, that in the interest of the electric lighting 
people they would find it of great value to them to 
hold their next convention in Montreal, and I should 
like to have you make the suggestion. I have written 
also to several other members, who, I presume, will 
be in attendance, regarding the making of this sug- 



gestion. 



** Yours truly, 

*^WxM. H. Browne." 
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The President : As all other invitations have 
been referred to the executive committee, I presume 
it is the intention of the association to act likewise in 
this case. Is it your pleasure that this be referred to 
the executive committee? 

Carried. 

DISCUSSION {Continued.^ 

The President : There was some discussion in 
relation to Mr. Wright's paper this morning on an 
instrument described by him that is used in con- 
nection with the meter. I will call on Mr. Madgen, 
of London, England, to give the association some 
information in this regard. 

Mr. Madgen : Mr.* Reason will do that, sir. 

The President : Mr. Reason. 

Mr. Reason : Mr. President, it is now some 
four years since my friend Mr. Wright came to 
me and said he could certainly see his way clear in 
the most simple way to fix a tariff that would be at 
the same time remunerative to any supply company 
and equitable to every consumer, provided he could 
get an instrument that would absolutely fix the 
actual call made upon his plant by each consumer. 
Well, Mr. Wright and I worked very patiefitly in 
that direction for some time, and it was owing to 
his suggestion that we finally adopted the instrument 
that we are now using, which is really a differential 
gauge adapted with various modifications, so that we 
really have a thermo-self-recording ammeter, or what 
we may practically call an ammeter that shows at a 
glance the maximum demand that the consumers 
have made upon the station. The index is non- 
returning. It is liquid. Consequently we lose noth- 
ing. The delicacy of the readings is very great, very 
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accurate. The liquid, of course, naturally lends itself 
very well in that respect ; and, so far as the com- 
mercial instrument is concerned, it stands the ordinary 
rough usage of everyday life. We tried to design an 
instrument that could be put in a store cellar, that 
the store boy could play about with without hurting it; 
and I am quite sure that, so far as the practical use 
of the instrument is concerned, it will fill the bill. 

Now you are good enough to give me a hearing, 
and I should just like to mention one or two points 
in connection with my own personal experience with 
this instrument as being used in other cities besides 
Brighton. We now have the instrument in use in 
forty cities in the United Kingdom ; and certainly in 
more than one case it has turned non-profitable com- 
panies into dividend-paying companies. I refer more 
particularly to Northampton, England, and Preston, 
England. In both those towns the companies had 
been operating for some three or four years in a 
most disheartening way. They found they could not 
make any profit ; that year after year the consumers 
did not consume any more electricity per horse 
power demanded, because they found electricity 
dearer than gas. The consequence was that we had 
in England what we see very largely here, all 
the short-hour burners given to electric light, and all 
the long hours, which certainly ought to be on our 
dynamos, given up to gas. We have now remedied this 
in the case of several towns in England — I may say 
in Europe, because we have the instruments in use 
in other countries besides England. We have been 
very carefully working to try to reduce the cost of 
the instruments, in order that when a man may see 
the wisdom and safety of going in for a tariff that is 
at the same time protective so far as his interests are 
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concerned and indulgent to the most profitable of his 
consuTpers, it must not be done at a heavy cost ; the 
cost of the instruments must be moderate, and I 
think I am safe in claiming that, as a recording 
ammeter, there is nothing that can be obtained so 
cheaply. 

I noted one or two points in the discussion this 
morning that, with your kind permission, I should 
like to dwell upon. The question was raised as to 
whether our experience at Brighton, which Mr. 
Wright set forth, really yielded a profit at all last 
year. Now, gentlemen, last year at the central 
station in Brighton, in addition to the setting aside 
of a sum equal to five and one-half per cent of the 
whole capital for depreciation and redemption — which 
is really a dividend of itself according to the ideas of 
a great many managers — we, in addition to that, earned 
nearly six thousand sovereigns, net ; that is to say, 
nearly $30,000, net, on a capital of $200,000, or an 
extra five per cent over that first five and one-half per 
cent. That, I think, answers that question clearly. 
In Brighton we averaged on our tariff something over 
nine cents per kilowatt hour, right through. Surely 
we are friends of consumers ; and if we made, as we 
did last year, the profit I have told you about, surely 
we are the friends of central station managers. Now, 
there is one thing I have found in my experience in 
England ; that is, that the smaller central stations 
were very glad to welcome us. The smaller central 
stations wrote to me, and said : •* Come and tell us 
all about this thing. We are not doing well ; help 
us." I think we have helped them to a certain extent. 
I know I am very sorry, gentlemen, that I did not 
follow my own judgment and buy the stock, three 
years ago, of some of the companies that then adopted 
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our instrument ; for in the case of both Northampton 
and Preston I could have bought the stock for about 
half the price I can to-day. Then, there is this point 
about it. We have really had a lot of trouble in 
getting the large and prosperous Companies to con- 
sider the matter ; for when a man is doing well he 
doesn't bother his head much about these things. But 
it is a very good thing, if you are prosperous, to 
insure that prosperity, and to be assured that pros- 
perity is going to be permanent. No matter how 
large the station is, it cannot afford to neglect the 
basis on which that prosperity is built. If it is built 
upon an inequitable method of charging, it cannot be 
permanent. We have in England the satisfaction of 
knowing that we have already got three of the large 
districts of London to adopt our system, and we have 
also the city of Glasgow, in Scotland, which is our 
next largest city. So we may say that in England 
we have been fairly successful. The big industries, of 
course, do say, ** Well, while we are doing well, let 
us alone ; " but I submit to you, gentlemen, who are 
in control of large stations, that the security of your 
prosperity must surely be based on your answer to 
the dissatisfied customer. When he comes and says, 
*' What sort of a bill is this ? I don't like it ; I am 
paying too much," you say, ** I am charging you exactly 
in accordance with what it costs to supply you ; can 
anything be fairer ? Surely, you cannot expect me to 
supply you at a loss." He may say that he will go 
to a rival company. Let him go to the rival com- 
pany. We cannot store our commodity as the gas 
companies can. It is no use, gentlemen ; storage 
batteries to-day are not very different from what they 
were ten years ago, and if you are going to compare 
the efficiency of the storage battery with that of the 
gasometer it won't hold water. 



I heard one gentleman make the remark yesterday 
that the central station manager's life was not a 
happy one. Well, now, we rather boast at Brighton 
that we can always go home to tea ; and we think 
that is a very great point. Let us have a tariff that 
insures us against loss on any plant. As our friend 
remarked thih morning, let us go to bed and sleep ; 
let us be able to say, " Well, what 1 have sold to-day 
I have not sold at a loss, anyway." If you charge a 
man full price for anything, up to a certain point, 
you know that you are making a profit. 1 think 
that point has been reached ; and surely that is good 
enough, gentlemen. 

I noticed that the point was raised among several 
gentlemen here this morning, was nut our system 
complicated ? VVell, gentlemen, we endeavor to 
simplify that very much in the instrument manu- 
facture. We have tried to follow the well-known 
American saymg, " Vou press the button; 1 do the 
rest." We make our instruments and calibrate them 
absolutely to read directly in kilowatt hours. Give 
us your fixed charges, give us lamps, on the other 
hand, and we will tell you what the tariff ought to 

Another gentleman this morning favored the 
adoption of fiat rates, and said that until we got 
down to the gas and water level we should never 
be doing any good. I would just remark that it 
seems tu me that it would be a good thing for that 
gentleman to go to the telephone company and say, 
" Now, look here, I don't like your rental, your 
fixed rental ; I don't want it ; I want to pay so 
much a message," The telephone company would 
tell him at once that that would be simply impossible. 
Vou would have two customers on the telephone ; 
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one would be using it perhaps a dozen times a day ; 
another might use it once a week. Now the fixed 
cost of getting ready to supply that man had been 
very great. And I might say that the fixed cost of 
supplying any man with sixteen-candle-power light 
has been very great, too ; there is not a great deal 
of difference between the telephone analogy and the 
electric light supply analogy. The administrative cost 
of a telephone system does not bear a very great 
difference proportioned to the electric supply service. 

The same thing applies to a great many interests 
in this country and in our country. You don't say, 
** Well, it's all the same price, good and bad ; all the 
same price." Go to a coach hirer and say, '* See here, 
I want your coach four hours a day ; how much will 
you charge an hour?" He would say, ** I will charge 
you one dollar for the first hour ; charge you half a 
dollar the next three hours — " wouldn't he ? Isn't 
that so ? Now, then, another man says, ** I want a 
coach at the same time as that man wants the coach ; 
what is your rate?" **Well, one dollar for the first 
hour — " The man says, *' I only want it half an 
hour." ** Oh, well," the coach hirer says, ** I can't 
afford it for less than a dollar to start in on." And 
that coach hirer is right. He knows very well that 
the fixed charges on that coach are the same whether 
it is used one hour a day or ten hours a day. 

There is one little point about flat rates that I can 
quite well understand we all like ; that is, that they 
are very smooth and sweet, and all that sort of thing, 
and save the agony of thought. But can a flat rate, 
if it competes with the sliding scale in the matter of 
a low price for the product, be a profit-earner? 

One gentleman remarked this morning that he 
thought the ideal basis would be to get to gas level. 
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Well, gentlemen, I decline lo admit that gas is an 
ideal in any shape or form except for heating. And 
I decline to admit, absolutely, that gas has any right 
arbitrarily to define what is the proper basis for elec- 
tricity supply. All that being true, I do wish to point 
this out, that on a flat rate you must always make 
the good customers pay for the bad. That is com- 
mercially inexpedient and theoretically — well, abso- 
lutely — wrong. Now, of course, my friends and I 
naturally looked out for lights the very first thing on 
landing in your country, and what did we see ? Exactly 
the same that we see in our own large cities. We 
saw gasoliers with electric lights. We saw the electric 
lights were out, because we didn't land until half-past 
eight. All gas. But there were the incandescent 
lamps ready. Why is this? Why is it? We went 
on to Boston ; the same thing. In all the American 
cities that we have been, the same thing — that directly 
seven o'clock is past they all use their electric light 
very carefully unless they are on contract, and then 
they absolutely throw it to waste. 

Now, your president very kindly asked me to speak 
in regard to the instrument. I just wish to say one 
thing. Of course the question of capital cost in a 
charge of this kind must be seriously considered. 
But what is, on the one hand, the importance of 
capital cost to a reform of your whole method of 
finance? What proportion does it bear to the reform 
of defects? In Brighton, we have improved our load 
factor ; that is to say, the earnings per horse-power 
demand at the station are something like forty-five 
or fifty per cent. Well, we say that the cost of 
installing those instruments certainly did not come to 
more than two or three per cent on the whole of 
the capital It is all a matter of finance as to what 
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you put in and what you get out. You spend a few 
thousand dollars on these instruments, and you 
reform, at one fell swoop, your whole method of 
charge ; and you have a perfect answer to everybody 
who comes in ; you have a perfect answer to your 
competitors. If other people are saying, *' Those 
people are doing very well ; we should like to run a 
rival line. What are they chiarging?" **They are 
charging," you say, ** twenty cents the first hour's 
daily use, and after that they are only charging five 
cents." *' Oh," says the man, '* there is nothing in it ; 
it won't pay to rival them." It is the best answer 
you can give to your opponents. 

Now, gentlemen, you will very naturally say, 
** Supposing we adopt this method, — we admit that 
theoretically it is very sound — if we do, doesn't it 
mean this, that a lot of our long-hour consumers will 
get their bills written down, and we shall have a 
smaller revenue at the end of the year ?" You may 
be sure that with our electric light companies in 
England that are using our system I have had that 
to answer before. And what are the facts ? In every 
case the revenue has gone ahead largely. If I want 
any commodity, and I can afford to buy only a little 
of it, and someone comes to me and says, " Look 
here, if you will take a much larger quantity, spread 
your demand over a good length of time, I can 
afford to supply you more cheaply," well, I certainly 
want it. Nearly all the consumers you supply want 
more light. If they didn't I don't see why your 
pitch should come down at six o'clock. In every 
station I have seen, the loads go down at six o'clock. 
Are the people in bed? No. What are they doing? 
Burning gas. And they will burn gas as long as 
you have flat rates. We all like to buy in the 
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cheapest market. Now, we have made a financial 
success of this thing in Brighton. But, you say, we 
had a very small motor load to help us. You may 
think we are very fortunate in that respect. Don't 
think that any of our success in Brighton has been 
due to that motor load. Brighton is a pleasure 
town — with the exception of myself and two or three 
other small factors— but the horse power on motors 
would not be one-tenth of the whole. That is a very 
small factor indeed. 

Now, if the system is all right, it will wait. All 
we ask you to do, gentlemen, is to look thoroughly 
into it. We are satisfied that if it is good on our 
side of the water it is good on your side of the 
water. You know we have not hesitated in the past 
to adopt methods from your country ; we have taken 
them very freely. We simply ask you in this matter 
to look at the system. If it is good, it is good for you 
as well as for us. I cannot see that your conditions 
on this side of the water vary very much from our 
conditions in England. One thing is quite certain — that 
the sole end and aim of our work is to broaden out 
the load curve. We say that our business and our 
tariflf must be so framed as to make it worth a man's 
while to use his light for as long as possible every 
day ; and, in fact, instead of using two illuminants, 
and paying two lighting bills, use one, and that one 
shall be ours. 

I am very much obliged to you, gentlemen, for 
the very patient and kind hearing you have given me. 

The President : The next order of business is 
a paper by Professor Charles A. Carus-Wilson, of 
McGill Universitv. Montreal, entitled ** The Induction 
Factor ; A New Basis of Dynamo Calculation and 
Classification." I have much pleasure in calling on 
Professor Carus-Wilson. 



THE INDUCTION FACTOR; A NEW BASIS 

OF DYNAMO CALCULATION AND 

CLASSIFICATION. 



The contents of this paper are, for clearness, divided 
into sections as follows : 
I. Definition of the induction factor and methods 

of determining it experimentally. 
IL Definition of the force factor, with examples 
in. Use of the induction factor in Dynamo calcu- 
lation. Motors running at a uniform speed. 
Examples : Street railway motor ; elevator 
motor. 

IV. Motors running at a varying speed. Examples : 

Elevator motor; street railway motor. 

V. Use in special design. Example : The motors 

on the Baltimore & Ohio. Railroad. 

VI. Use of the induction factor in dynamo classify 

cation. Comparison of two generators of 
equal kilowatt output and of two motors of 
equal horse-power. 

VII. Classification into types depending on the form 

of the force factor curve, with examples. 

SECTION I 

If a dynamo has A conductors on the surface of 
the armature, N lines of force per pole and p pairs 
of poles connected in series, the torque in inch-pounds 
for C amperes passing through the dynamo can be 
written 

— 8 
t=i.4i p C A N lo (i) 

When N is a constant quantity, the only variable 
in this equation is C ; so we can write 

t=i.4i C M (2) 

where M depends simply upon the number of con- 
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ductors on the surface of the armature, the number 
of lines of force per pole and the number of pairs of 
poles connected in series, and can be expressed thus : 

— 8 

M = p A N lo (3) 

If the armature rotates uniformly at n revolutions 
per second, the induced volts can be written 

— 8 

e=p A N n lo (4) 

e 
Thus M = - - a^^d may be defined as the induced 

volts divided by the number of revolutions per second ; 
we may call M the induction factor of the dynamo. 

We must not suppose that, because M can be 
defined as the induced volts divided by the revolu- 
tions per second, it necessarily depends in any sense 
on the motion of the armature. Equation (3) shows 
that M depends only upon the number of conductors, 
the lines per pole and the number of pairs of poles 
connected in scries, and this equation holds true if 
the armature is at rest, and does not in any way 
involve the speed. 

The induction factor can be determined exper- 
imentally, either by observing the torque for a 
measured current, or the induced volts at a measured 
speed; the latter method is the most useful, as the 
necessary observations are so easily made. 

Example i. We wish to know the torque on the 
shaft of a direct-coupled generator when delivering 
a current of 300 amperes. We see by the tachom- 
eter that the speed is 400 revolutions per minute, 
while the voltmeter reads 1 20 volts on open circuit ; 
dividing the volts by the revolutions per second, we 
at once find the induction factor to be 18, and the 
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required torque 1.41x300x18, or 7,610 inch-pounds. 
Thus, by simple inspection of the tachometer and 
voltmeter, we can ascertain the forces acting in the 
machine for any given current in the armature. 

If the voltmeter can be read only when a cur- 
rent is passing in the armature, we must, of course, 
make an allowance for the internal drop, since the 
value of e used in determining the induction factor is 
the true induced volts. 

Example 2. We have to find the pull on the 
belt driving a railway generator, the pulley having a 
diameter of forty inches. The tachometer reads 440 
revolutions per minute, while the voltmeter indicates 
550 volts, the ammeter reading 400 amperes. Neg- 
lecting the internal drop, the induction factor appears 
to be seventy-five, so that the pull on the belt is 
given by 1.41x400x75-1-20, or 2,110 pounds. If 
now the internal resistance were 0.0375 ohms, there 
would be an internal drop of fifteen volts, so that the 
true value of the induction factor would be seventy- 
seven, and the actual pull on the belt fifty-six pounds 
more than we had estimated. The pull thus calcu- 
lated is, of course, that due to the current in the 
armature, and does not include that required to make 
up the core and friction losses. 

SECTION II 

If for t we put T, where T is the force at the 
rim of a pulley of diameter d. equation (2) can be 
written 

T=^ M C 10' dynes (5) 

where d is expressed in centimetres, T in terms of 
C. G. S. unit of force and C in amperes. If, now, 
the circumference of the pulley be lo' centimetres, i, ^., 
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if Tid = lo' centimetres, we can express the force of the 
dynamo thus : 

T=M C dynes (6) 

The force of a dynamo may thus be defined as a 
force of M C dynes at the rim of a pulley o' 
centimetres in circumference. We may call M C the 
force factor of the dynamo. 

Since M is the induced volts divided by the revo- 

C e 
lutions per second, it follows that C M= - ; but 

n 

C e is the rate of doing mechanical work ; /. c, the 
work done per second measured in watts, hence C M 
is the work done per revolution of the motor at 
any speed. If, then, we are given C and M, we can 
find the work per second, /. r., the rate of work- 
ing, or the power, by simply multiplying the product 
C M by the revolutions per second. 

E.xample 3. If the induction factor of a dynamo is 
five, and the maximum current one hundred amperes, 
C M=500, and the rate of working at twenty-five 
revolutions per second is seen at once to be 12.5 
kilowatts. 

Many manufacturing firms have used the ratio of 
the watts to the revolutions per second as a basis of 
comparison of dynamos without perceiving its true sig- 
nificance, and have called this ratio the mass factor. 

The fact seems to have been overlooked that the 
ratio of the induced volts to the revolutions per 
second is a constant, so long as the useful lines per 
pole remain unaltered, being, in fact, what we have 
termed the induction factor. 

While the force factor and the so-called mass factor 

are one and the same thing, the latter is expressed in 

a way involving the idea of power and, consequently, 

of speed, while the former indicates the real nature of 
16 
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this ratio, showing that it is quite independent of 
speed, and, therefore, not a power unit at all, much less 
a mass unit, but a force unit. 

Example 4. A four-pole railway generator, with the 
armature parallel connected (giving P=i), has 440 
conductors on the armature, with 16.1x10^ lines per 
pole ; the induction factor is seventy-seven, and the 
force factor for 600 amperes is 77x600=46.2 kilo- 
dynes ; the output at 450 revolutions per minute is 
46.2x7.5=346 kilowatts; the dynamo is a General 
Electric Company's M. P. 4, 300 multipolar railway 
generator. 

Example 5. A ten-pole generator, armature parallel 
connected with 1,440 conductors and 28.6x10* lines 
per pole, will have an induction factor of 412. 

The force factor for 1,500 amperes is 412x1,500 
=618 kilodynes, and the output at eighty revolutions 
per minute is 825 kilowatts. The dynamo is a 
Westinghouse ten-pole railway generator. 

USE OF THE INDUCTION FACTOR IN DYNAMO 

CALCULATION 

SECTION III 

The induction factor forms a connecting link 
between the calculation for and the construction of a 
motor, and since it is the true basis of the dynamical 
action of the motor, it can be made the subject of 
calculation and enter into equations of any complexity. 

Example 6. We have to design a motor that will 
draw a car at thirteen miles an hour, with a tractive 
effort of 680 pounds on thirty-three-inch wheels, with 
gear ratio 4.78 on a 500-volt line, the resistance of 
the motor being 1.3 ohms. If the mechanical effi- 
ciency is eighty-five per cent, the total tractive effort 
T must be 800 pounds. 
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If E be the tension of the line, d the wheel diam- 
eter, V the gear ratio, S the speed in miles per hour, 
R the resistance of the motor, the induction factor is 
given by the following equation : 

Inserting the given values in this equation, we find 
M to be 41.7. We also see from the equation 

Td=2.82vMC (8) 

that the current, when running with the given load, 
will be forty-seven amperes. 

So that the motor must have an induction factor 
of 41.7 and carry safely 47 amperes; 1. e,, the force 
factor must be 1,960 dynes. 

The induction factor may be made up in any way 
that is most convenient. If there are 720 conductors 
on the armature, and four poles, the armature, being 
series-connected, giving p=2, we see from Equation 3 
that we must have 2.89x10* lines per pole. Further, 
if the motor is series-wound, it must have the speci- 
fied induction factor for forty-seven amperes in the 
field winding. 

Equation 7 may be written in the form 



='«i4i-'(-^.)} 



where s is the velocity measured in feet per second, 
and d is the diameter of the rope drum of a crane 
or elevator. 

Example 7. We have to design a motor for an 
elevator where the unbalanced weight to be raised is 
2,000 pounds, the velocity 200 feet per minute, the 
tension of the Ime 125 volts, the gear ratio seventy- 
five, the friction equal to 1,400 pounds at the rim of 
the rope drum, which is thirty-six inches diameter, 
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and the resistance of the motor 0.05 ohm ; inserting* 
these values in the equation, we find the induction 
factor to be 4.45, and the running current 130 amperes ; 
the force factor is therefore 578 dynes. If p=r, and A 
= 200, there must be 2.22 xio* lines per pole. Since 
the pull at the rim of the rope drum is 3,400 pounds, 
when running at 200 feet per second, this motor 
would develop about twenty horse-power; and if the 
elevator had to act always at this speed, it would be 
sufficient to describe the motor as a twenty-horse- 
power motor ; but this would give no information as 
to the ability of the motor to accelerate, since, at the 
moment of starting, the horse-power is nothing. 

SFXTION IV 

The current required for any given acceleration is 
given by the equation 

a=405Xio"'*X-^XCa (lo) 

a W 

where Ca is the current required (over and above 
the frictional or running current) to produce an 
acceleration of a foot per second in a mass of W 
tons. 

Example 8. We have to start up the elevator car 
of Example 7 in two seconds; i, e,, to get up a speed 
of 200 feet per minute in two seconds; a is then 1.67, 
and if we suppose the total mass to be moved to be 
five tons, the required current is twenty-two amperes, 
making a total current, at the start, of 152 amperes. 
The motor must therefore have a force factor of 676 
dynes in order that it may start up in the given 
time. 

Note — Tons of 2,240 pounds and so throughout this paper. If tons of 
2,000 pounds are found more convenient, the numerical constant can be 
changed. 
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If the distance from floor to floor were twelve feel, 
two seconds would thus be occupied in petting up 
speed, during which time the car would travel ^.^ 
feet, and the rest of the distance, 8.7 feet, would be 
covered in 2.6 seconds at 200 feet per minute, 
making a total time of 4.6 seconds for the whole 
distance. Nearly half the time is thus occupied in 
accelerating. 

Suppose now that we had to reduce the time of 
starting by one-half; /. e., 10 start I'p in one second. 
One way of stating the case would be lo say that we 
needed a "more powerful motor"; but so long as 
ihe frictional resistances and the final speed are to 
remain the same, the ma.ximum horse-power of the 
motor remains constant, so that we do not need more 
power, but more force; /. e., we require a motor with 
a higher force factor. 

\Vc can not alter M so long as the final speed is 
specified, so we must double the accelerating current, 
making the total current at the start 174 amperes. 
The motor would then be described as having an 
induction factor of 4.45. with an armature capable of 
carrying t74 amperes safely; /. <-., the motor must 
have a force factor of 775 dynes. 

Example 9. Take the case of the street railway 
motor of Example 6, with induction factor 41.7 and 
force factor 1.960 dynes. 

The total available tractive efl^ort was 800 pounds: 
allowing eighty-five per cent mechanical efficiency left 
us with 6S0 pounds for useful effort. (The well known 
G. E. 800 street railway motor, made by the General 
.Electric Company, has 800 pounds avaiUble for useful 
I effort with forty amperes.) 

E the track resistance for a car weighing ten tons 
pounds, this will leave us 580 pounds per 
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motor, if there are two motors, for grades and starting, 
or we may say that of the maximum permissible 
current of forty-seven amperes, thirteen are used in 
overcoming gear and track friction, and thirty-four are 
available for grades or starting. 

Now, 580 pounds are equivalent to a grade of five 
per cent for a ten-ton car, so that the motor would 
run a car of this weight at the given speed — thirteen 
miles an hour — up a grade of five per cent. Taking 
680 pounds as the useful effort at this rate, the useful 
watts can be written (to within one-half per cent of 
accuracy) as 2 S T or 17.7 kilowatts or 23.7 horse- 
power. This is the maximum rate of working. 

These motors, however, will not be able to start 
the car on this grade. They can run the car when 
once started, but if it should happen to stop on the 
grade, they can not get it started again, since the 
whole available current is used up in track friction 
and on the grade. We must draw more current 
from the line if we are to start up on the grade. 

Equation 10 tells us that we can make the 
acceleration at the start anything we please, by 
increasing the current above that required for the 
grade and for friction. Let us find how much current 
would be required to start up in twenty seconds on 
a five per cent grade. 

The final speed of thirteen miles an hour is equiva- 
lent to 19. 1 feet per second; if we have to make up 
this speed in twenty seconds, the acceleration must be 
1.9 1 feet per second, assuming uniform acceleration 
throughout. Inserting this value in Equation 10, 
remembering that each motor has to accelerate 
half the car, we find the required current to be 
twenty amperes, so that the total current from the 
line at the start would be sixty-seven amperes; 



namely, thirteen for friction, thirty-four for the 
grade and twenty for accelerating. The distance 
traveled in getting up speed would be about sixty- 
three yards. 

The motors then would have to be capable of 
carr)'ing sixty-seven amperes, and the force factor must 
be 2.790 dynes. 

SECTION V 

When the tractive effort, the speed, the tension of 
the line and the resistance of the motor are given, 
we can write 



M V E ( 4 / S R T S\ ) 

In designing a motor equipment to fulfill certain 
conditions, we must be able to distinguish between 
the part played by each of the quantities, M, v and 
d, in obtaining the desired result. 

Example 10. A train and locomotive on the 
Baltimore & Ohio Railroad weigh 7S0 tons, and 
have to mount a grade of 0.8 per cent at 10.7 miles 
per hour. The frictional resistance of the track is 
nine pounds per ton, reckoning at this rate both 
train and locomotive. The tension of the line is 625 
volts. Four gearless motors are used, permanently 
connected in series, each having an internal resistance 
of 0.0209 ohm. 

Each motor thus has to move 195 tons on a 
tension of 156.2 volts. The draw-bar pull per motor 
for the grade is 3,490 pounds; for friction, 1,755 
pounds; allowing ninety-five per cent mechanical 
efficiency, we get 5,500 pounds as the required 
tractive effort per motor ; inserting this value together 
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with those for E, R and S, in Equation ii, we find 

the value of — - to be 2.32, v Being unity. 

d 

It appears then that whatever size of driving 
wheel we employ, the induction factor must be 2.32 
times the diameter ; and that so long as this ratio is 
maintained, the locomotive will haul the train up the 
grade at the Required rate. For instance, if we take 
wheels four feet in diameter, the induction factor 
must be III. If d is five feet six inches, M must 
be 153. The current at full speed is 850 amperes 
from Equation 8, and is unaltered by increasing or 
decreasing the ratio of M to d, so that we should 
take d as small as possible, consistent with leaving a 
clearance for the motor and its attachments. The 
actual values of M and d for the motors in use on 
the Baltimore line are M = i44, d=62 inches. 

When running at full speed each of these motors 
would be doing work at the rate of 158 horse-power, 
so that the . horse-power of the locomotive would be 
632. The current from the line would be 850 
amperes, as obtained from Equation 8. This current 
will not, however, start the train on the grade. We have 
to find then how much current is required to do this. 

If the start is to be eflfected in forty seconds, 
since the final speed is 10.7, miles an hour, or 15.7 
feet per second, the acceleration must be 0.393 
foot per second. Inserting this value in Equation 10, 

the current required for acceleration to be 810 
amperes, making a total current at the start of 1,660 
amperes, or a force factor of 239 kilodynes. This 
agrees with the results obtained in starting a train of 
the given weight under the given conditions. (See 
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Mr. Lee H. Parker's paper on the ** Electric Loco- 
motives Used on the Baltimore Line", published in 
the Street Railroad Journal for March, 1896.) 

USE OF THE INDUCTION FACTOR IN DYNAMO 

CLASSIFICATION 

SECTION VI 

Example 11. Two generators run at the same 
speed and have the same kilowatt output. A is a gen- 
erator giving ninety-six amperes at 125 volts, while B 
gives 9.6 amperes at 1,250 volts. These two dyna- 
mos differ radically, but the difference is one that 
their classification by kilowatt output fails to recog- 
nize. They differ dynamically, as can be seen by 
passing the same current through both, when the one 
machine will give ten times the torque of the other. 
This experiment can be made when the machines are 
standing still, so that the difference does not depend 
upon that of their induced volts when they are both 
running at the same speed, but, rather, the difference 
of volts depends upon the dynamical difference that 
exists whether they are standing still or whether they 
are running. 

The induction factors of these machines can be 
found thus : 

The low-tension machine has 200 conductors on 
the armature and 2.5x10^ lines per pole, p being 
unitv, so we have 

The high-tension machine has 3,760 conductors 
and 1.33x10^ lines per pole, p being unity, so that 
the induction factor is given by 

M =3.76oX 1.33X io« X io"^= 50 

A comparison of the induction factors indicates 
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the real diflference between these two machines. If 
they are to run as generators at equal speeds arid 
give the same kilowatt output, the current delivered 
by one will be ten times that delivered by the other. 
If they are to run as motors a^ the same sf)eed 
with the same horse-power output, one must run on a 
line tension ten times that of the other. 

Example 12. The motors in use on the Liver- 
pool Overhead Railway and on the City and South 
London Railway are rated at about the same horse- 
power, but on actual test the Liverpool motor can 
pull over two of the South London motors when 
equal current is passing in all three. 

The motors on the Liverpool Railway were designed 
to run in parallel, two motors to each car, while those 
on the South London Railway were designed to run 
permanently in series, two motors also to each car. 

If the tension of the line, the speed and the 
drawbar pull were the same in the two cases, the 
induction factor of the Liverpool motors must be 
twice that of the South London motors ; the values 
were actually 120 and 60 for 100 amperes in the 
series winding in each case, the force factor being 
twelve and six kilodynes, respectively, for this cur- 
rent. Hence, each of the Liverpool motors must 
give twice the draw-bar pull of one of the South 
London motors for the same current, provided the 
wheel diameter is the same in both cases. The 
wheels on the Liverpool cars have a diameter of 
thirty-three inches, while those on the South London 
cars are twenty-seven inches diameter ; so that the 
respective draw-bar pulls for one hundred amperes 
would be (taking the values of M as given above), 
for the South London motors, 630 pounds, and for 
the Liverpool motors, 1.030 pounds. 



Wc must not infer from what has been said that 
the Liverpool equipment is necessarily more efficient 
than the South London equipment when running at 
full speed, because, although for equal speed and 
draw-bar pull the current per motor in the former 
would be half that in the latter, yet since the South 



London motors are 
line is the same. 



series, the current from the 



SECTION VII 

If we take the weights and the force factors of a 
number of dynamos belonging to the same type and 
plot them on rectangular 'axes, wc obtain a series of 
points lying on a curve. 

In Figure i this curve has been plotted for two 
types of dynamos manufactured by the General 
Electric Company ; Type A is a four-pole and Type B 
a two-pole, belt-driven lighting generator. The verti- 
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cal ordinates give the force factor in kilodynes, and 
the horizontal ordinates give the weights in p>ounds. 

The curves afford a convenient way of comparing 
the two types. The well known fact that the four- 
pole machines give a greater output for equal weight 
than the two-pole machines is clearly shown. The 
numbers against each point show the rated kilowatt 
output. All the dynamos in this diagram are wound 
for 125 volts. Equal force factors and equal speeds 
give equal kilowatt output. 

The force factor corresponding to any weight may 
he made up in a great number of different ways, by 
taking different values of M and C. 

For instance, taking a force factor of 2 kilodynes, 
we may have machines of equal weight with the fol- 
lowing differences : 



c. 


M. 


MC. 


Revolutions per min- 
ute for 125 volts. 


Kilowatts. 


200 


ID 


2,000 




750 


25 


250 


8 


2,000 




940 


31 


340 


5-9 


2,000 




1,270 


42 


400 


5 


' 2,000 




1,500 


50 



There is thus a considerable range of output for a 
machine of given weight, according to the speed at 
which it is to run. For this reason we may find 
machines of the same type giving equal output, but 
of different weights, the heavier machine running 
slower than it need do, if it occupied its normal posi- 
tion on the force curve. 

Thus a dynamo of this type, giving 340 amperes 
at 125 volts at 1,270, will weigh 3,550 pounds, and 
have a force factor of two kilodynes. A dynamo of 
the same type, weighing 4,750 pounds, has a force 
factor of three, and, if required to give 340 amperes 
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at 125 volts, must have an induction factor of 8.83 
and run at 850. 

Figure 2 gives the curves of force factor and 
weight for different types of railway generators. A and 
C arc made liy the General Electric Company, the 
former bell-driven, the latter direct-connected, II is 
made by the Walker Manufacturing Company, and 



is belt-driven ; the numbers opposite to each machine 
indicate the rated kilowatt output, all at 550 volts. 

Figure 3 gives the force factor curve for the com- 
plete line of direct -connected railway generators made 
by the General Electric Company. The particulars of 
the machines are given in the table. All these dynamos 
arc wound for 550 volts. 

The vertical ordinates of the force curve represent 
the product of the induction factor M and the current 
C. If both these quantities increased uniformly with 
the weight, the force curve would be a straight line. 
The iK-nding up of the curve indicates that either or 
both of these quantities does not increase uniformly 
with the weight. 
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If we plot the induction factors corresponding to 
each machine as vertical ordinates, the points thus 
obtained should lie on or above a curve giving 
the smallest induction factor for a machine of any 
weight; i. e., indicating the highest speed at which 



& 



a machine of that weight may be run. The points 
may lie above this curve, since a dynamo of. any 
weight can be run at a speed lower than the limiting 
speed, but the points should not lie below this curve. 
By dividing the force factor for any weight by the 
corresponding induction factor, we obtain a third curve 
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which gives the variation of the current with the 
weight. 

In Figure 3 the curve a b has been drawn on 
the assumption that the current curve od is a straight 
line. It is probable that it is not quite straight, but 
it would seem that the weight varies very nearly as 
the current. The induction factors are plotted verti- 
cally on a scale of one inch equal to one hundred of 
M, and the currents on a scale of one inch equal 
to 500 amperes. 

As an illustration of the use of the curve, let us 



TABLE 



DIRECT-CONNECTED RAILWAY GENERATORS 



Poles. 


No. in 
Diagram. 


Rated kilo- 
watt output 


C. 


R. P. M. 


M. 

264 


M. C. 

kilod. 


Weight 


loA. 


I 


500 


910 


125 


240 


64.0 


loB. 


2 


• • • 


• • • • 


75 


440 


364 


87.1 


loB. 


3 


• • • 


.... 


90 


367 


334 


76.0 


loB. 


4 


■ • • 


• • • • 


100 


330 


300 


71.3 


loB. 





800 


1.450 


80 


412 


600 


IIO.O 


loB. 


5 


• • • 


■ . • • 


120 


275 


400 


94 4 


loC. 


6 


• • • 


• • • • 


100 


330 


480 


IC0.9 


SA. 


7 


400 


725 


80 


412 


300 


74 2 


8A. 


8 


• • • 


• • • • 


120 


275 


200 


64.3 


8A. 


9 


• • • 


• • • • 


too 


330 


240 


71.4 


6A. 


10 


ISO 


270 


200 


165 


44 5 


13.1 


6A. 


IX 


225 


410 


200 


165 


67 5 


25.1 


6A. 


12 


• • 


• ■ • • 


150 


220 


90.0 


34.3 


6A. . 


, 13 


• • • 


• • • • 


120 


275 


"3 


37 


6A. 


14 


300 


545 


2CO 


165 


90.0 


39- 1 


6A. 


15 




• « • • 


150 


220 


' 120 


43.9 


6A. 


x6 


• • • 


• • • ■ 


100 


330 


iSo 


60.4 


6B. 


17 


400 


725 


150 


220 


I60 


59-7 



find the lightest dynamo of this type that will ^ive 
500 kilowatts at 550 volts. 

The current is 910 amperes, and the weight, con- 
sequently, 69,000' pounds. The corresponding indue- 



tion factor is 270, so that the machine must run at 
122 revolutions per minute. 

If we look at the list of dynamos in the table, we 
shall see that the lightest dynamo of this output, actu- 
ally made, weighs 64,000 pounds, and runs at 125 
revolutions per minute, being thus a little lighter than 
that indicated by the theory. 

Note — The limits of this paper do not permit me 
to insert the proofs of the equations it contains. These 
will, however, be found in full in the work on Electro- 
Dynamics, which I am now preparing, and which will 
shortly be published by Messrs. Longmans, Green & 
Co., London and New York. 

Professor Carus-Wilson : I am very much 
obliged to the General Electric Company for having 
given me these data. It is quite impossible, without 
the aid of a blackboard and more time than we have 
to give to the subject this afternoon, to go into the 
matter in any greater detail. But those of you who 
have this paper, who care to do so, will like to go 
into the matter more at leisure; and if at any time 
you care to correspond with me on the subject at 
McGill University, Montreal, I shall be very glad to 
have any data you may have to give me and to have 
some interchange of correspondence on this subject. 

Mr. Clay: I understand, Mr. President, that a 
discussion of this paper cannot be gone into without 
certain equations, and I would therefore move you 
that a vote of thanks be extended to Professor 
Carus-Wilson for the preparation and reading of this 
paper. 

The President: It has been moved and seconded 
that a vote of thanks be tendered Professor Carus- 
Wilson for the preparation of the paper that he has 
just read. It is difficult for us to appreciate the 
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amount of time and attention that must be given to 
the preparation of such a paper to be presented at 
a convention ; and those of us who were at the 
Montreal convention, and had the pleasure of 
accepting the hospitality of the McGill University 
authorities and visiting their different technical labora- 
tories and seeing the extent of the work that they 
had in hand for the advancement of the educational 
interests under their charge, — can fully appreciate how 
busy a man Professor Carus-Wilson is ; and under 
these circumstances I thmk he is certainlv entitled 
to a very hearty vote of thanks for the time and 
trouble that he has given to the preparation of this 
paper. I will put the resolution. 

Carried. 

The President : Professor C^arus-Wilson, I have 
to tender you the thanks of the association. 

The President : It is now my more than ordi- 
nary pleasure to introduce to you a very old friend ; 
one who has stood by the association for many years, 
and whom we have always felt that we could call 
upon, no matter what his other interests might be, to 
be present and. not only to prepare a paper when 
asked to do so, but to take a very active part in our 
discussions. I call upon Professor Elihu Thomson to 
read his paper on ** Recent Progress in Arc Lighting." 

Professor Thomson then read his paper as follows : 
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RECENT PROGRESS IN ARC LIGHTING 



It is now six years since I read a paper on "The 
Electric Arc and Its Use in Lighting" before this 
association. In that paper a genera! outline of the 
history and nature of the electric arc was given, 
together with a number of considerations relating to 
the arc as a source of illumination. The means for 
supplying current to the lamps and controlling the 
feed of the carbons were also touched upon. 

Since that time considerable technical advances 
have taken place in this important field, and a con- 
tinuous commercial expansion of arc lighting as an 
industry has resulted. 

The purpose of the present paper is not, however, 
to deal with the commercial aspect of the case, except 
in so far as it is evidently the result of the improved 
devices which have been brought out in the past few 
years. In looking over the ground we find, also, 
that it is certainly not possible to deal very compre- 
hensively with the several divisions of the subject 
within the limits natural to a paper such as the 
present one is intended to be. Should it serve as a 
foundation on which a general practical discussion of 
the various topics can be based, the writer's purpose 
will have been fulfilled. 

We have, to-day, in actual commercial use arc 
lamps running under quite a variety of conditions as 
to nature of current, regulation of the current, and 
conditions concerning the arc itself as a source of 
light. 
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According to the manner in which the arc lights 
are worked on an electric circuit, we are enabled to 
make several general divisions, about as follows : 

I Constant, continuous-current circuits. 
Constant, pulsating-current circuits. 
Series arcs on ■{ Constant-potential, continuous-current 
I circuits. 
I Constant, alternating-current circuits. 

' Branch of constant-potential, contin- 
uous-current circuit. 
Branch of constant-potential, alternat- 
Smgle arcs on -( ing-current circuit. 

I Compensators with alternating cur- 
rent. 
(^Cun^ant-currcnt transformers. 
The above schedule will cover most of the prac- 
tical cases that have hitherto arisen, and each case 
can be considered both in its relation to the use of 
an open arc, an inclosed arc or a partially inclosed 



It will, at this time, he scarcely necessary to dwell 
upon the main features of several of the cases above 
enumerated, as they are too well known to call for 
comment here. Thus, the case of arcs in series upon 
a continuous, constant-current circuit is the oldest and 
best known. It has the peculiar merit of permitting 
economical transmission by currents of potentials of 
several thousand volts ; gives ease of regulation and 
great simplicity of circuits and connections, and does 
not demand the highest grades of carbons for the 
open arcs. On account of the relatively higher poten- 
tial demanded by an inclosed arc, or a partially 
inclosed arc, and the conse<iuent restriction of the 
Dumber of lights in a series with a given permissible 



244 

voltage, there has naturally resulted thus far very little 
real commercial use of series inclosed arcs, and where 
they have been on trial use they have, in most cases, 
so far as the writer is aware, been discontinued. 

The dynamos for constant-current arc lighting are 
not, of course, so efficient as high-class, constant- 
potential machines, but as the running of arcs with 
constant-potential, continuous currents demands that, 
for steadiness or stability, dead resistance or other 
additional apparatus, more or less wasteful of energy, 
be used in the lamp branches, what may be gained in 
one way is likely to be lost in another. And this 
remark, it will be found, is applicable still more gen- 
erally in the comparison of methods of working arc 
lights. 

In recent years the tendency in series arc lighting 
with constant current has been to increase of voltage 
of the dynamo, and machines capable of working 125 
to 150 arc lights in a series have been developed suc- 
cessfully. But the potential between terminals in such 
a case may be 7,000 volts — often too high for secur- 
ity, and in some places forbidden by special legislation. 
An ingenious method of employing such machines 
when, as is the case with the Brush machine, several 
commutators are present in series relation, has been 
devised by Mr. Green, of the Brush company. This 
plan demands that separate pairs of wires be run from 
the machine to the switchboard for each circuit, but 
the unquestionable effect of the new connection is to 
limit the difference of potential which is possible to 
be manifested between any two parts of the circuit 
through the machine and lamps. A simple diagram 
like Figure i will make the connection and its general 
effect on the distribution of potentials clear to those 
who may not have given attention to the subject. 
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Let F be the Getd circuit of the dynamo ; we may 
for simplicity, neglect its resistance and that of the 
wire of the circuit. If C, C and C represent the 
sections of armature conductor, and L', L*, L' the 
series of lights connected between the commutators 
of the machine, it will be seen that each armature 
section, C, C, C*. with its appropriate commutator, 
acts to produce a difference of potential, which may 
be represented by the vertical a', b', = a\ b\ and 
a', b*. while the fall of potential through each 
series of lights, L', U, U, results in bringing 
the line potential down, as it were, for another 




raising. In such a system, evenly loaded, the highest 
difference of potential anywhere to be found will evi- 
dently be that required to run a series of lights looped 
between two successive commutators. If lights are 
cut off from any set or loop, the potential difference 
between the terminals of that loop falls accordingly 
without any corresponding or proportional rise between 
any other parts of the circuit. If, however, lights are 
cut off one set and added to another, so as to keep 
the machine in full work with unbalanced loads then 
the potential distribution is. of course, disturbed, and 
the system approaches the condition of all commu- 
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tators connected directly in series, and the lights all in 
one series— the old plan. Where the conditions of 
the circuits leaving the station are such as to permit 
inductional effects on parallel wires — such as those of 
a telephone system — the new plan of circuit connec- 
tions may give, as appears to have been already 
noticed, a greater inductive disturbance. This must 
be owing to the relatively simpler commutation per 
loop of lamps. In the old series connection all the 
commutators in series acted virtually as one of many 
segments, which tended to give a smoother potential, 
or prevent waves in the potential of the line. In the 
new plan each commutator of few parts acts, in a 
measure, independently of the others, and impresses 
its ovvn variations of potential more directly on the 
lamp lines, giving rise to electrostatic inductional 
effects. 

The immediate future of the series arc lighting 
system appears to be in the development of large 
dynamos, up to, say, 300 arc lights each, running at 
such speeds that one or a pair may be easily coupled 
directly to the shaft of a moderately high-speed 
engine. The use of a regulated constant current in 
the series system, besides giving a simple system as to 
wiring, etc., is seemingly best adapted to the use of 
the cheaper carbons. For extended districts the 
series arc lighting system is still likely to hold its 
own, but displacement by constant-potential arcs and 
inclosed arcs on constant-potential circuits will doubtless 
continue in cities supplied by underground low-pressure 
systems with continuous currents. 

While it is true that in the open coil types of dyna- 
mos — such as the Brush and Thomson-Houston — the 
current, as set up by the armature, must necessarily be 
wavy, still it must be borne in mind that the field mag- 
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net coils, the line and the series lamp magnets have, 
together, a considerable inductance, the effect of which 
is to smooth out the minor fluctuations, so that the 
current becomes fairly uniform. A slight tremor in 
the current, with dilTcrcntial magnet lamps, is an 
assistance in preventing tardy feeding. In the pure 
shunt type of lamp, this is of less effect on the feed. 

It has been thought by many that arc lamps are 
interchangeable (if made or adjusted for the same 
current) from the circuit of one type of series arc 
dynamo to that of another, without difficulty. In a 
genera] way this is true, but not by any means 
necessarily true. Thus, an arc machine may easily 
have that proportioning which enables it to run a 
circuit of differential lamps at a certain current strength 
and be wrong in proportioning for pure shunt feeding 
lamps, such as the Thomson-Rice M. & K. The 
latter require a more rapid droop in the curve called 
ihc "characteristic" of the dynamo, than the differ- 
entials. Also, it may happen that a dynamo which 
will take a certain load of differential lamps at a 
certain strength of line current, can only work with 
satisfaction on pure shunt lamps with a ten per cent 
to twenty per cent increase of line current, and fewer 
lamps in series. In this case the differentials secure 
a stable current when working on a part of the 
characteristic curve back of that where the heavy droop 
occurs. D Figure 2, while the shunt lamps are only 
given stable current at S. Instability or quick rise 
and fall with flashing and possible intermittent 
extinguishment otherwise result. 

On the other hand, any circuit of pure shunt-feed 
lamps will take differentials adjusted for the same 
current without difficulty. But in such case, if the 
current fluctuates in value and there be but few 
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differential lamps on the circuit, with a large proportion 
of the shunt-feeding type, the differentials are the 
ones to suffer and not the others. The former are 
sensitive to current variations, the latter indifferent 
thereto. 

There is neither time nor space to devote to the 
details of arc-lamp mechanism for constant-current 
circuits, though much might be said in regard to the 
proportions that should be given to the parts, the 
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Fig. 2. 



character of pull to be secured in the magnets con- 
trolling the lamp, the securing in clutch lamps of a 
slow or ** sneak" feed (as it is sometimes expressively, 
if not elegantly, termed) for the carbons, the cut-out 
switch, etc., in both differential . and shunt-magnet- 
control mechanism. There are two points, however, 
which may be touched upon in this connection, as 
tending to secure the best results. First, the variation 
of pull for a given variation of current in the magnets 



controlling the lamp should be as great as possible. 
Second, there should be as little as possible variation 
in the force required to feed or recover from feeding. 
The force required to be imparted to the mechanism 
to release the clutch, detent or escapement shuuld be 
as little as possible, and but a very small fraction of 
the total magnetic force in a differential or shunt- 
feeding system. Otherwise, the lamp will not be a 
sensitive feeder. Lamps are frequently found which 
form their arcs well enough, but hang up or delay at 
the feeding point, the action of feeding being pre- 
ceded by quite a rise of potential between the carbons 
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at the arc. This is owing to too much force being 
required to unclutch or release the mechanism. A 
good lamp should feed on a variation of three to five 
volts, and. with certain constructions, a feeding action 
within one-half to three-quarters of a volt variation 
for a 45-volt arc can be readily attained. 

Passing now to the consideration of the use of 
pulsating currents in arc lighting, it may be said that 
at present liule or nothing has been done commer- 
cially in the United Slates in the use of such currents. 
The subject becomes one of importance in connection 
with what are known as rectifiers. These are machines 
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that take an alternating current and commute the 
waves, or rectify them, so that the flow of current is 
in the same direction always, though rising from zero 
to a maximum for every alternation in an alternating 
current. The more or less near approach to conti- 
nuity of current will depend upon the shape of the wave 
rectified. A rectangular wave, properly rectified, 
would, as in Figure 3, give a true continuous current. 
Other forms of wave give less continuity, depending 
on the sharpness of the individual wave peaks, c, d. 
Figure 4. The character of arc produced by the rectified 
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current resembles closely that of the continuous-current 
arc, in that the crater in the positive carbon is present, 
and the negative tends to point itself. There is, 
however, a strong note or sound evolved from the 
arc, depending for its pitch upon the periodicity or 
frequency of the alternating current. The inductional 
effects of the pulsating currents in lines upon neigh- 
boring lines will, of course, resemble those of alter- 
nating currents, though less musical than the latter 
when a sound results, as in a telephone. In order to 
make it easy to commute or rectify such a high 
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potential of alternating current as would be needed to 
feed, say, a series of forty to fifty arc lamps with 
pulsating current, certain conditions arc very desirable. 
One of these is that the current to be rectified should 
be of constant value, though alternating. The writer 
rfiowed, nearly ten years ago, how a constant-current 
transformer could be made, using primary current at 
constant potential to obtain secondary constant cur- 
rent. One of the ways w,ts to so mount a secondary 
coil, with relation to its primary, that rc[»ulsion might 
be exerted between them and so move one away from 
the other when a tendency to increase of current in 
the secondary took place. This method was found to 
be highly efficient, and was embodied in a number of 
forms of apparatus, some of which were employed lu 
feed constant current to arc lamps in series. In this 
case lamps may be cut out and the secondary coil 
even short-circuited, while the current in it remains 
practically constant. 

When such a current is rectified, the same char- 
acters are preserved, and the regulation is all that 
could be desired for all loads within the capacity of 
the apparatus. The ePficiency of transformation is 
also quite high, and the apparatus is not of excessive 
size for a given output. A simple commutator, 
revolved by a properly constructed synchronous motor, 
with its arc-machine brushes and air-blast, complete the 
machine. By the use of the air blast a single commu- 
tator, as in the Thomson- Houston arc machines, serves 
to rectify a single alternating-current wave of sufficient 
potential for up to fifty or more lights in a series. 
Without the air-l)last, flashing would be likely to be 
serious at fifteen to twenty lamps in a series. 

The above relates to the rectification of a single- 
, phase current. When, however, two-phase or three- 
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phase currents are to be rectified, there will be at least 
two or three constant-current tranformers, one for each 
phase, and the secondary current may be combined 
through commutators resembling those of the Brush 
arc dynamo for the two-phase, and the Thomson- 
Houston for the three-phase. In such cases the result- 
ing rectified current is much more nearly a steady or 
smooth current, and not so much of a pulsating char- 
acter. This is, of course, owing to the relation of 
the phases being such as to cover each other's zeros 
or to overlap. Under proper working conditions 
there should be a certain field for the use of rectifiers 
in the United States, as well as in England, where 
Ferranti has for some time past had some of them in 
use. It is difficult to adapt a rectifier to periodicities 
of as high as 125 per second, but with sixty periods the 
problem is comparatively easy. The use of rectifiers 
has the one great advantage of permitting the genera- 
tion of current in a station to be by means of large 
direct-connected dynamos, a portion of the output of 
which is used in the ordinary way to feed lights, etc., 
through the usual constant-potential transformers, 
while another portion, feeding rectifiers, supplies the 
arc lamps of the system instead of special arc dyna- 
mos, while, if needed, the whole capacity of the gen- 
erator may be utilized for one or other kind of load, 
as desired. 

The arc lamps worked by rectifiers are like con- 
tinuous-current arcs in giving the downward distribu- 
tion of light from the positive crater, a feature of 
great value in street lighting. There is also complete 
regulation — such that lights may be cut out ad libitum 
by shunting, while the other lights remain unaffected. 
Furthermore, the efficiency of the rectifier is high, 
and may easily be made over ninety per cent 
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Two or more arc lamps are now often connected 
in a branch across constant-potential mains or supply 
lines. Thus, on iio-volt circuits, two lamps using 
about forty-three to forty-live volts each, and with a 
proper choking resistance, may be found in the branch. 
On 220 volts there may be four lamps in a series, 
and on railway circuits of between 500 and 600 volts 
nme to eleven lamps may be found connected, with, 
in each case, a proper rosistance. The inevitable use 
of a choking resistance in series, with arc lamps run 
from constant-potential lines, is now pretty generally 
understood. Without it the current in the lamp 
branch is unstable, owing to the fact that the resist- 
ance of an arc is not a definite quantity, but varies 
for a definite length of arc in inverse ratio to the 
current flowing, or even falls more rapidly than the 
current increases, or vice versa. 

Therefore, the current strength of the arc lamps in 
this case is not to be regulated or controlled by adjust- 
ments of the lamps alone, but by means of the varia- 
tion of the choking resistance in addition. The object 
in each case is to set the value of the resistance at 
such an amount as will, when the arc lamps are 
adjusted to feed at, say, forty-four volts, with good cored 
carbons, give the desired value of current and stability 
of current. The quality ami character of the carbons 
used has a decided effect on the results as lo steadi- 
ness and uniformity in constant-potential arc work. 
Hence, a good cored positive and solid negative are 
desirable. The writer has seen no more perfect result 
in arc lighting than can be obtained on constant poten- 
tials, with good lamps and carbons burning open arcs. 
Much was said, and some considerable amount written, 
a few years ago about lamps in series on constant 
potential robbing each other, so that when one was 



bright the other was dim, and the reverse. This phe- 
nomenon does not occur with properly constructed 
lamps, which are sufficiently sensitive feeders. Lamps 
for this service, capable of feeding within one volt 
variation at the arc, are in use, and the steadiness and 
reliability obtainable is all that can be desired. 

In regard to '* inclosed arc lamps", it may be 
said that they are beginning to be applied in a series 
of five upon circuits of 500 volts potential, but the 
consideration of this type of arc will be deferred till 
later, when the subject of single lamps on constant 
potentials is discussed. 

The distribution of current for arc lighting at 
constant potentials has undoubted advantages, one of 
which is the relatively low tension and absence of 
danger. Another is the facility of installation along 
with incandescent lights, and ease in metering the 
supply. The loss of energy in the distribution may, 
at full load of lines and moderate distances from the 
supply station, be, say, ten per cent or more, charge- 
able chiefly to feeder drop, and about fifteen to twenty 
per cent in dead resistance in the lamp branch. We 
may take, then, twenty-five per cent as an average 
loss in reaching the lamps. This loss, which is much 
greater than the percentage of loss on the series sys- 
tem, is yet largely, if not wholly, made up by the 
superior efficiency of the constant-potential, low-press- 
ure generators of large capacity over that of arc 
machines of relatively smaller output, and by the higher 
engine efficiency which may readily be attained in 
driving large generators, especially when working with 
economical loads. It must not be forgotten, however, 
that for equally good results a better and more 
expensive carbon will be required for constant-potential 
work than for plain series arc lighting. These obser- 
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vations relate, of course, to ordinary open arcs with 
full supply of air reaching tKe hot ends of the car- 
bons. The conditions existing with long-burning 
lamps or inclosed arcs will be alluded to later. 

One serious objection to the arrangement of lamps 
in series between constant-potential mains, especially 
those of 220 to 500 volts, is the inflexibility, or 
inability, to cut off some lamps in a branch without 
substitution of equivalent resistance, which substitution, 
of course, means that the same watts are consumed 
whether the lights burn or not. We lose the 
advantage of the constant-current system, which 
enables us to shunt lamps and save power, and also 
thai of the simple multiple arc or parallel system at 
constant potentials, in which each lamp is in its 
individual branch circuit. Open-circuiting the branch 
extinguishes the light, and saves power. With alter- 
nating current at constant potential there is greater 
flexibility, but. unfortunately, no alternating-current arc 
lamp is likely to equal in its effects lamps making use 
of continuous currents or undirectional currents. 

There are two ways in which alternating currents 
may be used to work arc lights in series. We may 
either take a constant-potential system, such as one 
with main lines at i.ooo volts and connect between them 
a series of arc lamps at about thirty volts each and 
about thirty-five lamps, or we may transform so as to 
feed the lamps in series with a current of constant 
value, or with a current which does not vary more 
than a given per cent from light to full load — fifteen 
per cent, for example. !n the former arrangement 
some provision must be made to allow lamps to be 
extinguished without breaking the circuit, and this 
can not be done by shunting, unless equivalent resist- 
ances be substituted, for the shunting of a lamp or 
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lamps in a series would result at once in a great 
increase of current in the others and a serious departure 
from normal working. 

By shunting each lamp in the series by a specially 
constructed and carefully proportioned reactive coil, 
wound upon a laminated core, the difficulty just 
pointed out is obviated with but small sacrifice. The 
reactance of the shunting coil is adjusted to give, 
when two to three amperes of current traverse it, a 
potential between its terminals just sufficient to work 
the arc lamp which it shunts, and the gauge of wire 
of the coil must be ample to carry the full current of 
the line, for, in this case, the arc lamp is extinguished 
by simply open-circuiting it, while leaving the react- 
ance in circuit. It is also necessary that the iron core 
of the coil shall be at, or near, magnetic saturation 
when the arc lamp is burning^ so that its reactance 
shall not greatly increase when, by accident, the lamp 
fails to feed or it is purposely open-circuited and the 
coil has to carry the full line current. In such a 
series, provided with shunting reactances, the ordinary 
series magnet in the lamp, for separating the carbons 
to form the arc and regulating the same, is all that is 
needed, since the variations of current alone are 
sufficient to serve the purpose, no shunt or differ- 
ential magnets in the lamp being called for. It will 
be understood that the apparent energy consumed in 
the reactances is not, in fact, wasted, for the phase 
relation of the current is such as to make the current 
in the coils approach a wattless current or one with a 
low-power factor. For example, a coil which shows 
two and one-half amperes of current and thirty volts, 
or approximately seventy-five watts, may, in reality, not 
consume more than ten to twenty watts. Another way 
.of accomplishing even a better result, but one which 



I 
I 



I 



requires that shunt or differenlial magnets be used in 
regulating the feeding of the carbons, is to substitute, 
by a special switch, a proper reactance in place of the 
lamp when it is to be cut out, and also to cause the 
lamp, on a failure to feed, to cut in as a substitute 
for itself this reactance. In such a case the con* 
struction of the reactance may be such as to waste 
very little energy, l)Ut the existence on a system of a 
considerable number of arc lamps and many react- 
ances, which would be the case when a large propor- 
tion of lamps were cut off, would have the effect of 
loading the system with inductance to an extent 
which might interfere with the proper regulation of 
potential at the generator. In any case, these systems 
of working may be set aside as not having reached 
any decided commercial importance. They are men- 
tioned here by way of comparison, as they present 
instructive features. 

When a transformer is so constructed that there 
may be a considerable magnetic leakage, as it is 
termed, between the primary and secondary coils, it 
approximates what is called a constant-current trans- 
former. It will, if connected by its primary terminals 
across mains at constant potentials, give a secondary 
current which, even at short-circuit, is only a mod- 
erate percentage in excess of that given when the 
Secondary is carrj'ing a considerable load. 

In fact, such a transformer has an analogy, which 
is unmistakable, to a direct-current arc machine with 
a drooping characteristic, before alluded to. When, 
however, the amount of magnetic leakage in the 
transformer is carefully proportioned, or when, as 
in the rectifier transformer with repelled movable 
coils, the leakage is allowed to adjust itself, a sub- 
staotiall/ unvarying value of alternating current is 



delivered at all loads from short-circuit up to the full 
load, or highest available working potential. The 
transformer then resembles an arc machine with an 
instantaneously acting and perfect regulator, or such 
a machine with a characteristic curve which droops 
vertically. This would mean the preservation of the 
same current at all potentials. By properly propor- 
tioning an alternating-current dynamo, the same prop- 
erty of constant current has been given to the 
machine. 

For arc lamps in series on alternating current, 
this constant-current property is perfectly adapted. 
But in this case the regulation of the lamp must be 
by a shunt magnet responding to the potential across 
the arc, and not to the current passing through it, 
which is constant. Of course, the shunting reactances 
before mentioned might be used, but these would 
have no particular function in this case, since the sys- 
tem of supply permits free shunting of the lamps, and 
the current is the same even down to short-circuit. 
Numbers of lamps were installed several years ago by 
the Thomson- Houston company, and worked in the 
way indicated, the transformers being of approximate 
constant-potential property, but the writer does not 
know to what extent they are still in use. That the 
system is not entirely dead was indicated by a recent 
demand for additional transformers of the same type, 
though for quite a period none were supplied or asked 
for. The system has its merits, like the series arc 
system with direct currents. It does not demand the 
highest grade of carbons, and the lamps are not liable 
to chatter at starting. 

Further consideration of the nature of an alternat- 
ing arc in relation to the light-giving effect and to the 
mechanism which must be used to control the lamp, 
carbons, etc., will be given later. 
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We may now consider the use of single arc lamps 
on the various circuit arrangements adapted to their 
supply. With the ordinary constant-potential, contin- 
uousK;urrent circuits of about no volts, it is mani- 
festly not desirable to operate a single lamp, taking, 
say. from forty to fifty volts, and waste the remainder 
in resistance; yet, oftentimes, it is quite undesirable 
that two lamps in series be connected to the mains, 
on account of the inability to use one or both, and 
one may be quite enough. The gap is filled by the 
"inclosed arc", and, at the same time, the necessity 
of frequent trimming, a disadvantage with the open 
arc, is obviated. The inclosed arc lamp, broadly speak- 
ing, is an outcome of the ability to secure very nearly 
pure carbons, or carbons containing little or no ash 
and particularly free from such metals as iron, the 
oxides of which are deep b3ack or brown, which 
would soon obscure the small globe around the arc 

The inclosed arc of to-day merits more than a pass- 
ing consideration, on account of the general interest 
which has arisen in regard to it among electric light 
engineers. The idea of burning an arc in a practically 
closed and relatively small glass chamber is quite old. 
It was known also that the carbons would burn blunt 
or nearly square on the ends, and would require a 
relatively wider separation to let the light out ; that 
they could be made to burn relatively more or less 
pointed by letting in more or less air. Early experi- 
menters in this field were met at the outset by the 
serious difficulty of obscurations of the inclosing ves- 
sel by deposits generally brownish, and probably due 
to oxide of iron, the iron being present in the graph- 
itic carbon used in forming the carbon sticks. The 
writer met this diRiculty in 1879, and for many years 
after that date there were not to be found such pure 
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carbons as would give so little deposition as is required 
to work an inclosed arc practically. 

Curiously enough, as late as about 1890, there was 
a revival of the inclosed arc as applied to arc light 
circuits in place of the ordinary series arc lamp. The 
sealing of the arc, so to speak, was such that about 
sixty-five volts were required to work it. A saving 
of carbons was effected, but the number of lights 
obtainable from an arc dynamo of any given capacity 
was seriously reduced, as was also the commercial 
value of any arc-light line whose potential was limited 
either by law or circumstance. Contrary to the 
original expectation of its promoters, the use of 
inclosed arcs on series circuits did not progress 
rapidly and soon retrograded. Many causes, besides 
the one of reduced capacity of lines, had undoubtedly 
an effect. Cheap carbons for open arcs, impure car- 
bons for inclosed arcs, breakage of inner globes — 
resulting in rapid consumption of carbon — obscuration 
of light, etc., must have contributed largely to the 
result. 

When it is remembered that, to get the best 
results with arc lamps on constant-potential circuits, 
the use of rather expensive cored carbons is necessary, 
the saving of carbon and frequent trimming becomes 
a very important item and permits the employment 
of more expensive carbons, provided they last long 
enough. The high voltage demanded by the inclosed 
arc was soon seen to be not a disadvantage, but a 
positive advantage for constant-potential circuits, inas- 
much as it permitted the use in one lamp of a larger 
fraction of the total — generally no volts. Hence, 
instead of keeping down the potential, it could even 
be raised from sixty-five to seventy-five or to eighty 
volts with advantage. In fact, it may be that the 
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exclusion of oxygen has the efTect of enriching the arc 
flame itself, in much the same way that a slightly 
luminous blue Dame of a Bunsen burner becomes 
far more luminous by cutting off the air. There may, 
in fact, be free condensed carbon particles in the outer 
layers of the arc stream highly heated and, therefore, 
strongly luminous. The Hal ends of the carbons tend, 
also, to cause the hot gases to be retained under the 
positive end. thus extending the heat of the 
crater and increasing the luminosity. The result of 
the almost complete exclusion of oxygen is that very 
little combustion takes place and the life of the car- 
bon is therefore much extended. The function of 
the small glass vessel around the arc is not only to 
keep out the air, but, in addition, to act as a diffuser 
of the light evolved, and in this sense replace, to a 
considerable extent, an opal outer globe of large 
dimensions, necessarily thick and highly absorptive. 
The inner globe around the arc is made thin, to with- 
stand heat without cracking from sudden changes of 
temperature, and is generally of clear glass with a thin 
coating, either internal or external, of an opal or ala- 
baster-like glass, which, by the materials employed in 
its composition, gives a large diffusive effect without 
undue absorption. The inner globe is often also 
given a yellowish color or absorptive effect for the 
disagreeable violet rays, of which the long arc flame 
is so strong a source. 

Owing to the traverse from side to side of the 
arc between the square ended carbons, the direction 
in which light is emitted from the arc most effect- 
ively is undergoing continual and very great changes, 
so that the intensity of light in any given direction 
may, in a few seconds, vary several hundred per 
cent, and with a perfectly clear glass inclosing globe 
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this variation would rot only be quite noticeable, but 
in many cases intolerable. The diffusive power of 
the glass, however, is such, in the case of the opal 
coating, that the traveling of the arc is, in large 
measure, compensated, and the general effect is that 
of a very steady, uniform light. Were it not for the 
diffusive power, the color of light, as well as the 
intensity, 'would change greatly ; as when the arc 
happened to be on the side of the carbons away from 
the observer, the light would then be in greater pro- 
portion from the purple or violet arc flame, and less 
from the glowing ends of the carbons themselves. 

The carbons to be used in an ** inclosed arc" 
should be of the very highest grade as to purity, not 
too hard or dense, as straight as possible, uniform in 
diameter and circular in section, and should be 
obtained of as near a standard diameter as possible, 
so as to avoid the necessity for adjusting the caps of 
the inner globes to the size of the carbons. It is 
necessary that the caps should fit pretty closely 
around the carbons to avoid leak and consequent 
reduction of life. Leaks of air into the inner globe 
must be carefully avoided, if any reliance is to be placed 
upon a lamp for a given run without recarboning. 
During the run the upper part of the inner arc- 
inclosing globe is coated slowly with a deposit, nearly 
white in color when the carbons are free from iron, 
and consisting of what little mineral matter has been 
left in the carbons. Fortunately, the hot uprising 
currents from the arc deposit considerable of this on 
the cap above and return to the arc to be re-heated 
and again circulated at a little above the level of the 
arc itself, and, as the lower carbon consumption grad- 
ually causes the arc to descend, the light of the arc 
continually reaches portions of the glass wall which 
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have been but slightly obscured by the deposits from 
prior burning. In general, the deposit which forms 
on the inner globe can be wiped off or dusted off at 
the time of recarboning. Carelessness in this partic- 
ular may easily result in a large proportion of the 
light of the arc being lost, and, what is perhaps 
worse, the radiant ht-at and light of the arc. being 
unable to escape, goes to overheat the glass of the 
inner globe, either melting or deforming it so as to 
produce leaks, cracking it directly or burning the 
deposits into its surface. After this they can only 
be removed by such agents as hydrofluoric acid 
applied to the surface. 

The mechanism of an inclosed arc lamp to be run 
singly in branches from ! 10- volt circuits is naturally 
very simple. Since the lamp regulates entirely by 
variations of current on its circuit, a simple series 
magnet suffices. No cut-out other than a fuse in the 
lamp branch is needed. 

The switch is a plain open-circuiting switch. A 
choking resistance is mounted on the lamp or else- 
where in the branch, the drop over which is about 
thirty volts. The upper carbon or its holding rod is 
acted on by a simple positive clutch. There is required, 
however, even in such a lamp, so apparentlv simple 
in itself, great care in proportioning the parts and their 
relative actions, to secure the best results. If the 
constructor fails in any detail, the behavior of the 
lamp soon tells the story-^the current is interrupted 
frequently; the voltage around tlie arc varies greatly; 
the current, as well as the light of the lamp, varies. 

In the use of "inclosed arcs" instead of "open 
arcs", one does not escape from the necessity of using 
in the bmnch with the lamp a choking resistance. 
A constant-potential circuit of forty-five volts will not 
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supply current to arc lamps demanding forty-five volts 
at the terminals and approximately the same at the 
arc. By the use of resistance in circuit, however, and 
sufficient additional potential, the current, otherwise 
** unstable", becomes ''stable", and the arc stable. It 
is possible, indeed, with especially sensitive lamp mech- 
anism, to replace a part of the resistance needed by 
inductance, and thus save some energy. The " inclosed 
arc" also demands a sacrifice of energy in resistance, 
for a circuit of eighty volts constant potential will not 
run eighty-volt arcs. 

For the purpose of discovering the minimum drop 
of potential required to exist over a dead resistance 
in circuit with arcs on constant-potential mains, the 
writer instituted and had tabulated a series of tests in 
which the resistance in circuit with arc lamps was 
gradually cut down along with the line voltage, while 
the current and voltage of the arcs were maintained 
the same. A set of tests was made with two Thom- 
son '93 lamps in series, using at one time plain 
National carbons, and at another a cored upper of 
one-half inch diameter, and solid lower carbon of one- 
half inch diameter. Also a set of tests was carried 
out with eighty-volt inclosed arc lamps adjusted for 
currents of different amount at different times. Dur- 
ing each test the line voltage was lowered and resist- 
ance cut out until instability of arc and current 
resulted, while up to that time the current and volt- 
age of the arc were kept the same during the partic- 
ular test. 

The general result of these tests was as follows : 

TWO '93 ARC LAMPS IN SERIES, WITH VARIABLE 

RESISTANCE. 

One-half inch National carbons. 
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With 45 volts at each arc and a current of 9.6 
amperes in the lamp branch, line voltage could not 
be reduced below 1 10 volts. This would give a drop 
of 20 volts over resistance and lamp magnets. 

With 45 volts at arcs and 7.9 amperes, the limit 
was reached at 108 volts on the line. 

With 46 volts at arcs and 6 amperes, the limit 
was 108 volts on the line. 



TWO 93 ARC LAMPS IN SERIES, WITH VARIABLE 

RESISTANCE : 

Carbons, ^^-inch cored upper ; ^-inch solid lower. 

With 46 volts at arcs and 15 amperes current, the 
limit was 106 volts on line. 

With 46 volts and 12 amperes, the limit was 104 
volts on line. 

With 46 volts and 9.4 amperes, the limit was 108 
volts on line. 

With 45 volts and 7.3 amperes, the limit was 104 
volts on line. 

With 42 volts at arcs and 6 amperes, the limit 
was 98 volts on line. 



TEST OF 80-VOLT INCLOSED ARC LAMP, WITH VARIABLE 

RESISTANCE IN ITS CIRCUIT. 

Solid upper and lower j'^^-inch •* Electra " carbons. 

With 75 volts at arc and 7 amperes, the limit of 
line voltage was 88 to 90. 

With 74 volts at arc and 6 amperes, the limit of 
line voltage was 92 to 94. 

With 75 to 76 volts at arc and 5 amperes, the 
limit of line voltage was 92 to 94. 
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With 78 volts and 4 amperes, the limit of line 
voltage was 98 to 100. 

With 76 volts and 3.2 amperes, the limit of line 
voltage was 100. (Carbons, f-inch **Electra".) 



The above tests are, doubtless, sufficiently accurate 
to show the main point very clearly. This is that a 
certain line voltage as a minimum is absolutely neces- 
sary in working arc lamps on constant-potential lines, 
whether they be open arcs or inclosed arcs. Thus, 
two forty-five- volt arcs in series, with uncored carbons 
like the brand known as ** National ", can not be 
safely worked below 1 10 volts on the line with resist- 
ance in series with them. More than no volts 
should, of course, be maintained for safety of the 
service. 

The tests show, also, that, with a cored upper 
carbon, the limit is lowered several volts on the aver- 
age, and it is known that the voltage of the arcs 
may be safely reduced somewhat when cored positives 
are used. 

It is also shown that a seventy-five to eighty-volt 
arc, run upon a constant-potential line, is stable at 
considerably less line voltage than the open arc. It 
would appear, also, that, with either open or inclosed 
arcs at ordinary current strengths of from five to ten 
amperes, the steadying resistance in the branch is 
required to cause a drop of about fifteen to twenty 
volts, or waste energy at the rate in watts of fifteen 
to twenty multiplied by the amperes of current- used 
in the lamp. 

What the development of the art would have been 
if the voltage of our incandescent circuits was, as 
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originally set, say, ninety volts, instead of i lo, is a 
subject for meditation. 

With inclosed arcs on continuous-current circuits, 
as with open arcs on similar circuits, the chief 
source of light is the positive crater, and the down- 
ward emission is, of course, favorable to their use in 
illumination. This tendency to throw light downward 
is, in the inclosed arc, modified by the diffusive 
action of the inner globe, which tends to scatter the 
received by it in all directions — upward, dowt»- 

l and horizontally. 

iThe running of single alternating-current arc lamps 
«l constant-potential circuits is facilitated by the ease 
with which, by a transformer or compens;jior. the 
potential required for the lamp may be obtained. It 
was natural that, when arc lamps came lo be used 
on constant-potential, continuous-current circuits, a 
demand for lamps which would work upon alternating 
circuits fed by transformer secondaries should arise. 
While in the direct-current systems the potential was 
definite and practically could not be adapted to the 
lamp, in the alternating-current case transformation 
was easy, as by the simple device of a compensator 
the line voltage could be raised or lowered to suit 
that demanded by the lamp. An arc lamp compen- 
sator is simply a laminated core bearing a coil divided 
into sections with connections carried out between 
the sections If the self-induction of the coil is pro- 
portioned for the secondary circuit voltage in a trans- 
former system, as for no volts at the ends of the 
coil, circuits of thirty volts may be obtained by 
taking three-elevenths of the turns as a secondary ; 
that is, by connections which include between them 
any turns of the coil which equal three-elevenths of 
the total, or which give thirty volts. Moreover, 
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several connections of the kind may be made to the 
same coil anywhere between its ends, provided that 
the wire included between the two connections for 
one lamp circuit is sufficient to give the requisite 
voltage. Further, the sections of wire thus chosen 
may overlap each other, and portions of the compen- 
sator coil thus appear to be doing double or treble 
duty. Whether the current be furnished direct from 
the secondary of a transformer or through compen- 
sators, the lines led to the lamps are of constant- 
potential character, and the lamps have to be adapted 
thereto. 

An alternating arc is peculiar, and different from 
the continuous-current arc in a number of important 
particulars. The fact that the arc is* extinguished 
between successive alternations at the zero points of 
the current wave, and at a rate equal to double the 
periodicity, results in the musical sound of the arc, 
which may become a source of annoyance. The same 
cause gives rise to difficulty in starting the arcs with- 
out having them chatter, for until the carbons get 
strongly heated the arc is not re-established after 
extinguishment with the carbons separated. With 
cold carbons, the carbons must touch each other after 
an extinguishment at the zeros. Hence, the carbons 
must be separated very slowly, while a large current 
flows so as to strongly heat their ends, or a higher 
potential than that to be used in running the lamp 
after starting must be applied at first. Another way 
is to employ a resistance or, better, a reactive coil in 
circuit with the arc lamp, so as to change the charac- 
ter of the potential at the lamp terminals, which then 
becomes less than that of a constant potential, and, in 
fact, begins to approach, in a measure, constant-current 
supply. But in the use of a resistance or reactance 
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in circuit with the lamp, it is, of course, necessary to 
increase the potential of the line accordingly, so as to 
give the proper potential to the arc : while both 
expedients involve a loss of energy. It is found not 
to be practicable to run alternating arc lamps on 
circuits much below forty cycles ; the common rates 
of sixty and 125 are well adapted to the case. 

The efficiency of the alternating arc as a source of 
light has been shown by Prof, A. E. Blondel. in a 
recent paper, to be quite variable. It depends on the 
length of arc used with the particular carbons employed, 
and on the diameter of the carbons, as with continu- 
ous current. It also depends on the form of the 
wave of the alternating current. It was found that, 
with a rectangular wave alternating current, such as may 
be produced by reversint; a continuous current by a 
commutator, the light given out was as seventy-nine 
to Rfty-nine in the case of sine wave currents. This 
should follow from the fact that the e.xtinctions. as 
Blondel pointed out, were instantaneous in the first 
case, and lasted for about one-quarter of an alterna- 
tion in the case of the sine wave. 

The writer takes occasion to express the opinion 
that, with very fiat-topped waves, or waves approach- 
ing closely to rectangular waves, the limit of perio- 
dicity would be found far below forty per second, as 
regards the maintenance of an arc. If the reversal 
or passage through zero is quick enough, almost any 
reduction of periodicity would become possible. There 
arc, however, practical considerations which set the 
limits in such a case. 

Soft carbons, or those best suited to readily fur- 
ni-ih considerable volatile matter, seem to be best 
adapted lo aUernalinj:-currcni arcs, and they are fre- 
quently cored. The color of the light suffers some in 
consequence. 
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The distribution of light from an alternating-cur- 
rent arc with vertical carbons, owing to the fact that 
the chief light source — the positive crater — is on the 
upper and lower carbon alternately, is both downward 
and upward. The upward radiation, except in rooms 
with white walls or ceilings, or with the lamps pro- 
vided with shades or globes of a strong diffusing 
power, would be lost except for the employment of 
deflectors or reflectors immediately above the arc, 
which catch a fair proportion of the rays and send 
them downward. The lamp in this case is made 
focusing, so that the arc will always be kept burning 
but a short distance below the reflector plate, which is 
made with a heat-resisting, white enameled surface. 

A moment's consideration will show that under 
no circumstances can an alternating arc give out as 
much light for a given expenditure of energy as does 
a continuous-current arc for the same expenditure. 
The light comes mainly from the positive crater, whose 
temperature and consequent luminosity is limited by 
the vaporizing point of carbon. The positive crater 
from which the current passes to the arc is much 
larger and much hotter than the negative spot on the 
opposite carbon receiving current. If, now, there is a 
rapid interchange or reversal of current and dead 
points or zeros between the reversals at each alterna- 
tion, the positive crater has to form anew upon a sur- 
face which, while negative, was, on the average, far 
below crater temperature, having cooled during the 
time it was negative, and during the zero or period 
of extinguishment. It results from this that the aver- 
age temperature of the light-emitting surface of carbon 
in an alternating arc is below that of the vaporization 
temperature of carbon, and the emission of light con- 
sequently lessened. It is known that the light emitted 



from a hot surface as temperature rises, increases far 
more rapidly than the temperature or total radiation. 

The shape of the wave of current has a great 
mfluence on the conditions of temperature just 
pointed out, and the rectangular wave must neces- 
sarily approach in its efficiency more nearly that of 
continuous currents than a peaked wave with longer 
zeros. 

The use of single arcs across alternating constant* 
potential mains requires only that the lamp mechanism 
be operated by variations of the current passing the 
irc. Hence, an electro-magnet in series is used to 
lift and feed the carbons, or sometimes the expansion 
of a high-resistance wire, traversed by the lamp cur- 
rent, has been applied for the same purpose, as in 
the "Kester" lamp. The electro-magnet is open to 
the objection that its action is so instantaneous as to 
be liable to provoke chattering at starting, requiring 
a carefully adjusted check, or dash-pot, to prevent 
such action, and the magnet armature, or core, may 
also, unless very carefully arrang.ed. produce by its 
inevitable vibrations a harsh note audible some dis- 
tance away. Add this to the hum of the arc itself, 
and it is easy to sec that such a lamp may become 
intolerable indoors in a quiet room. In the use of a 
hot wire the objection of chattering at the start is 
overcome without difficulty, and the wire is noiseless 
in its action ; but it demands that considerable energy 
be wasted in it, and hitherto the temperature at 
which the wire must be run to secure sensitiveness of 
feed or rapid healing and cooling, following variations 
of current, has been such as to endanger its perma- 
nence or cause it to oxidize. If the arc requires 
twenty-eight to thirty volts, and the regulating wire 
five to seven volts, it is easy to see that a consider- 
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able sacrifice has been made for the result attained, 
particularly as in the use of hot wire over-feeding is 
liable to take place. The writer obtained, a consid- 
erable time ago, a much better result by using the 
hot-wire principle, but variably shunting it by a set 
of contacts controlled by a small electro-magnet 
in series relation, which addition imparted greatly 
increased sensitiveness, while the slow start given by 
the hot wire was still secured. 

It is well known that in practice an alternating- 
current arc often starts readily with new carbons, the 
trouble of chattering appearing when a new arc is to 
be started with carbons which had before been heated 
or used. This difference is owing to . the fact that 
in the latter case the high temperature of the arc had 
driven out the gases and volatile materials which, as 
present in the ends of the new carbons, facilitate the 
formation of flame or lower the resistance of the arc 
at starting. By dipping the ends of the used carbons 
in a solution of some salt for a moment, the required 
volatile matter may be furnished to them so that they 
will start as readily as the new carbons. 

The arc in the ordinary alternating-current arc 
lamp appears to be stable, even when the connection 
is made across constant-potential mains without resist- 
ance or reactance in the branch as a check upon the 
current. Therefore, nearly all the energy may be 
thus delivered to the arc itself without deduction. 
This fact tends to neutralize the lower efficiency of 
light production in the alternating arc, since the con- 
tinuous-current arc on constant potentials involves a 
dead resistance loss. Any comparison, then, must, 
for practical purposes, consider the total energy used 
in the branch in which the lamp exists, and the light 
produced or emitted in directions permitting utilization^ 
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While the alternating arc, run from constant 
potentials, is feasible, the difficukv of chattering and 
large variations of current at starting results from the 
arrangement, and any sudden fall of potential may 
<:ausc a momentary extinguishment. Particularly is 
tliis the case when the arc is of the "inclosed", long^ 
t>urning type. In such case, on account of the greater 
length of the arc. it is peculiarly sensitive to influences 
which would afTect l>ut slightly the ordinary open-air 
arc. With the open-air arc a comprehensive set of 
tests made under the writer's suj>ervision disclosed the 
fact that various makes of carbon gave widely different 
results. It was found that the length of arc or 
separation of the carbons for a given potential was, 
under equivalent conditions, quite variable, and the 
curious fact was noted that with some makes of car- 
Iton the variation <if arc length with variations in the 
potential of the circuit supplying the lamp were much 
less than with certain other makes. Some gave 
excessive variation of arc length with moderate varia- 
tions of potential at the arc. while others gave only 
moderate variations of arc length for considerable 
variation of potential at the arc. Of course, the latter 
arc far the most desirable carbons for practical use. 
The results in each case were plotted as a curve, and 
comparison and superposition of the curves showed 
the superiority of one or another brand. The curves 
showed also the arc length for each kind of carbons 
for a given potential across the arc, which it was 
important to know in selecting carbons best adapted 
for alternating-current work. The carbon which gave 
the longest arc at the lowest potential, and one which 
did not vary its length as much or more than that 
obtained with other carbons for certain variations of 
potential, would practically be preferred, other things 
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being equal. It is too early to predict what part 
the ** inclosed" alternating arc may play in the future 
art of arc lighting, but it probably will find a consid- 
erable application. 

When an alternating arc is run with a consider- 
able dead resistance in series with it, or when a 
reactance coil is in series, or when it is fed from the 
secondary of a leakage transformer, taking the whole 
current thereof, the condition approaches, though in 
cases only imperfectly, the running of the lamp on 
approximately constant current. In reality, the con- 
dition is intermediate between constant-current and 
constant-potential working. In such a case the regu- 
lation of the lamp may be by a series magnet, or a 
shunt magnet, or by a combination of both. In fact, 
there is no real utility in generating a constant cur- 
rent of alternating character for working a single 
lamp. The utility of the ** intermediate " working, 
just alluded to, is in the lessened liability to rupture 
of arc, lessened chattering at starting, and avoidance 
of excessive flux of current if the carbons, by acci- 
dent, come together. The condition is one decidedly 
useful in the case of the ''inclosed arc" of alternating 
type, and it is doubtful if such arcs can be run, 
except under conditions like those here called *' inter- 
mediate". For saving energy a reactance or reactive 
coil in the lamp circuit is preferable to a dead resist- 
ance, and is relatively more effective. 

It may be well to add to the present paper, which 
has grown to unexpected length, a statement concern- 
ing the results arrived at by innumerable tests of the 
different types of arcs and arc lamps under conditions 
resembling those of practice, with a view of ascer- 
taining their lighting values. These tests have been 
embodied in comprehensive reports by Mr. Jesse 
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Coates. of the testing department of the General 
Electric Company, at Lynn, and the tabulated results 
might easily furnish material for a lengthy discussion. 
They embody complete series of measurements of 
candle-power in various directions, and curves of the 
same for each kind of arc or condition of surround- 
ing globe, together with mean spherical and esti- 
mated useful illuminating intensities. The methods of 
measurement can not be detailed here, but are such 
as, in the writer's judgment, can be relied upon to 
give comparative figures. Moreover, the mean of 
m.'tny observations is, in each case, taken for compari- 
son and plotting of curves. 

The purpose here shall be to state, in a general 
way. some of the results obtained. 

It is well known that the larger the arc, or the 
larger the current in it with a normal voltage, the 
more efficient is the light production. The energy is 
more effectively converted into luminous waves, so 
that the w.itts per candle would naturally be less with 
a twenty-ampere arc at forty eight volts than with 
ten amperes flowing. Measurement shows that where, 
with continuous current, the same brand of hard 
carbons is used of diameters varying appro-ximately 
with the current strength, naked arcs, with ten 
amperes and forty-eight volts, may lake for each 
mean spherical candle-power 1.2 watts, while arcs of 
seven amperes and forty-eight volts require 1.4 watts. 

The use of a cored upper carbon appears to raise 
the efficiency to a moderate extent, probably because 
the arc may be maintained at a voltage somewhat 
less, as at forty-two or forty-four volts. The use of 
a clear globe surrounding the arc loses ten to twelve 
per cent of the light, while alabaster and opal globes 
lose from forty-five to sixty-five, according to their 
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thickness and the specific absorptive power of the 
glass. Naturally, since an inclosed arc, consuming 
approximately the same energy in watts at the arc as 
a ten-ampere open arc, will have a current of only 
aiiout seven and one-half amperes, the efficiency would 
be expected to be less. Measurements show, after a 
run of 102 hours, and per each mean spherical candle- 
power of a four and three-quarter-ampere, inclosed, 
continuous-current arc with clear inner and no outer 
globe (one-half-inch carbons), an expenditure of 1.94 
watts at the arc. If the energy expended in the lamp 
branch be taken as the true expenditure, that lost in 
resistance is added to that of the arc, and the watts 
per candle increased accordingly. A similar loss is, 
of course, experienced with naked or open arcs on 
constant potentials, owing to resistance being used in 
series. The result given above, or 1.94 watts per 
candle, is at the end of a long run of 102 hours, but 
with a clear inner globe. Inclosed arc lamps with 
clear inner and clear outer globes are not satisfactory, 
and, in fact, for good results of uniformity and diffu- 
sion, a slightly opal inner globe is needed. Those 
now known as ** alabaster" are well suited to the pur- 
pose. When these are used, the watts at the arc per 
mean spherical candle-power will, at the first part of a 
run, range about two watts, increasing seriously only 
towards the very end of the run. While it may seem 
that the watts per candle are higher than might be 
expected, yet it must be borne in mind that, in all 
inclosed arcs, the current is relatively small and the 
potential high for a given expenditure of energy, and 
this acts in a double way to lower the efficiency, as 
not only the crater emitting light is smaller, but a 
large part of the energy goes to sustain the arc flame, 
which is long, while, also, the absorption of light by 
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tlic fsurTounding glass is nut tu bt: neglected. No 
construction of lamp, regulation or adjustment thereof 
can get rid of the inherent properties here pointed 
out. Nevertheless, it is true that the character of the 
light, both of the open or exposed arc, and of the 
inclosed arc, is such as to make it very desirable as a 
substitute for daylight and for many cases of use. 
The fact that the light is shed mainly downward by 
continuouM:urrent arcs results v'irtually in an addition 
to ihc efficiency and economy of the light ; thus, if 
the light emitted downward lit; considered as alone 
useful, (he expenditure per mean useful candle would, 
with naked arcs, fall to about one-half a watt, and 
with inclosed arcs, to irom one to one and one-half 
watts at the arc. 

With alternating arcs the conditions are different, 
since the light is sent up and down equally. By a 
rertector placed above the arc, a considerable fraction 
of the light which would often be lost upward is sent 
downward to increase the effectiveness ; thus, a sixteen- 
amiwre, twenty-five-volt, naked alternating-current arc 
used, per mean spherical candle. 1.49 watts, or for 
mean useful below the horizontal, 1.12 watts, which 
was reduced to .8 to .g watt, when a porcelain 
rcHcctor above the arc was used. For ' the same 
causes that necessarily reduce the efficiency of an 
inclosed continuous-current arc as compared with the 
uninclosed. the efficiency of an inclosed alternating 
arc falls below that of the open arc with similar cur- 
rents. The watts at arc per candle will be found, per 
mean spherical candle, to be. under the best conditions, 
about two watts, increasing toward the end of the 
run, owing to obscuration of the inner globe and other 
causes. No reflector or deflector can be used with 
much effect with the inclosed arc, so that the mean 



useful is but little different from the mean spherical 
candle-power. 

The apparent advantage in economy of the contin- 
uous-current inclosed arc over that with alternating 
currents is in large measure neutralized by the fact of 
the former requiring a dead resistance in circuit to 
give stability to the current, while the latter can be 
run without it, or, at most, with a reactive coil which 
wastes but little energy. 

Still it must be confessed at the end that the 
luminous yield is but little better than that obtained 
in incandescent lighting. After all,^ it may be that 
the whiteness of the light and the daylight effect 
obtained may be a sufficient reason for the large intro- 
duction of inclosed arcs, now that the frequent trim- 
ming and attention to the lamp is not needed. 
Indeed, it may also appear that all the varieties of 
arc lighting which have grown into importance within 
the past few years have their own fields of usefulness, 
and that, therefore, the work spent in developing 
them has not been labor in vain. 

It should be said, in conclusion, that the figures 
given above and expressing the watts per mean spher- 
ical candle, while strictly comparative so far as a study 
of arc lights alone is concerned, might vary somewhat 
if the object had been to compare arc and incandes- 
cent lights, owing to the difference in color of light, 
though the variation would not in any case be great. 

A Member : I move that the paper be accepted, 
and that the association return a vote of thanks to 
Professor Thomson for his able paper. 

Carried. 

The President : Professor Thomson, I wish to 
convey to you the thanks of the association for your 
very able and instructive paper. 



The I'kesiiikni : The next itvni on the pro- 
gramme is a papei bv Mr. T. Commcrford Martin, 
on "The Daylight Wurk of Central Stations.'* 

Mr. .Martin: My understanding of the printing 
of a pajKjr is that it is for the suppression of amateur 
clocutionar)' efforts, and, as my paper is in type. I do 
not think it is at all necessary that I should inllict it 
upon you by slowly and laboriously wading through 
its successive pages. If there is any question that any 
gentleman wishes to bring up in connection with any 
remarks In the paper, or any criticism that anyone 
wLshe-s to make. I shall be very glad to give attention 
to it; otherwise, I ihmk perhaps we have more 
important and interesting matters outside. 

TiiK I*RKsii>KNT: In other words, Mr. Martin, 
you suggest that your paper be read by title. 

(For full text of Mr. Martin's p.iper, see appendi.x. 

Pagf 423) 

Mr. L. U. Marks: Mr. President, would it be in 
order to take up the discussion of Mr. Martin's pjiper, 
and also the discussion of Professor Klihu Thomson's 
very able paper, to-morrow morning ? I should like 
to say a few words in relation to Professor Thomson's 
paper, and I know that the association wants to get 
out now. but I think that perhaps we shall have a 
little time to-morrow morning. 

Thk pRK-siiiiA-i : We will certainly afford time for 
the discussion if it is at all possible to do so. Tor- 
tunately, the papers to-morrow morning do not promise 
to take up an unusual length of time, and if we 
convene promptly on time. I have no douhl that wc 
shall have time at our disposal for the discussion of 
various matters that will be relegated for consideration 
until to-morrow. If that is your ple.isure, after a vote 
of thanks has been moveii to Mr. Martin. I "will 
declare the session adjourned. 
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Mr. Insull: I move that the thanks of the asso- 
ciation be tendered Mr. Martin for the presentation 
of his paper, and that any discussion be postponed 
until after the papers are read to-morrow morning. I 
say '* after," because I know that Mr. Martin has an 
engagement in the morning, and he may be able to 
get here by eleven o'clock. 

The president put the question and it was deter- 
mined in the affirmative. 

The President: Mr. Martin, you are tendered 
the thanks of the association. 

On motion of Mr. Ayer, duly seconded, an adjourn- 
ment was taken until 10.30 a. m. 



NIAGARA POWER 

Special Evening Session 

LECTURE BY L. B. STILLVVELL, E. E. 



Sixty-eight years ago, M. Guizot, Professor of 
History in the Faculty of Literature, at Paris, deliv- 
ered a remarkable course of lectures upon the general 
history of the civilization of modern Europe. In the 
introduction to these lectures he divided the facts and 
forces that operate to advance civilization into two 
classes : first, those that help to shape the history of 
a nation by influencing society as a whole — *'its insti- 
tutions, its commerce, its industries, its wars, the various 
details of its government," and, second, *' certain facts 
which, properly speaking, cannot be called social — 
individual facts, which rather concern the human intel- 
lect than public life ; such are religious doctrines, phil- 
osophical opinions, literature, the sciences and arts." 
••These latter forces," he says. **seem to offer them- 
selves to individual man for his improvement, instruc- 
tion or amusement, and to be directed rather to his 
intellectual melioration and pleasure than to his social 
condition." '* Yet. still," he continues, ** how often do 
these facts come before us ; how often are we com- 
pelled to consider them as influencing civilization. In 
all times, in all countries, it has been the boast of 
religion that it has civilized the people among whom 
it has dwelt. Literature, the arts and sciences have 
put in their claim for a share of this glory, and man- 
kind has been ready to laud and honor them whenever 
it has felt that this praise was fairly their due." 
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I invite your attention to this quotation, not 
because the facts and forces referred to were, at the 
time sketched, in anything but their true relative pro- 
portions, not because Guizot's perspective was incorrect 
for the year 1829. but because the perspective of his 
picture was at that time true, and because since that 
time one of the forces to which he refers — then in 
the background — has grown into the very foreground 
of every true picture of the forces contributing to 
modern civilization that can be painted to-day. A few 
years after these lectures were delivered, the first 
steam locomotives in England and America were put 
into operation. In 1831, Michael Faraday observed 
that a copper disc revolved in the field of a magnet 
was traversed by an electric current, and now, within 
the short span of a scriptural lifetime — three score 
years and ten — engineering science, by steam and 
electricity utilizing natural forces practically unobserved 
throughout all the long centuries preceding, has affected 
a greater change in man's social condition, and has, 
perhaps, done more to promote civilization than any 
other civilizing force. In a history of civilization, 
what a place must now be given to the art of steam 
engineering ; the applied science of thermo-dynamics ; 
not as ** rather concerning the human intellect than 
public life ; " not as ** offered to individual man for 
his improvement, instruction, or amusement;" not as 
** directed rather to his intellectual melioration and 
pleasure than to his social condition ; " but, on the 
contrary, as profoundly affecting social conditions by 
cheapening the necessities and comforts of life, by 
reducing the hours of labor and by imparting an 
almost incalculable stimulus to intellectual activity in 
every direction. And what a place must now be 
accorded to applied electric science ; covering the 
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earth with lines of instant communication, bringing 
all lands into touch ; lighting the datk places in our 
cities; doubling areas available for sulmrban residence; 
separating the very molecules of matter into their 
constituents, or forming new compounds ; and now. 
banning to turn the wheels of industry in hundreds 
of factories and mills. 

It is unnecessary to demonstrate to this audience 
that well-distributed acquisition of material wealth is 
desirable, and tends lo advance civilization. It will 
be conceded at once that a wise and not wasteful 
utilization of natural forces, cheapening the cost of 
power for a community, is praiseworthy. We all 
believe that there is in the universe a certain fixed 
quantity of matter, which we are powerless to increase 
or decrease, and we accept the doctrine, first fully 
enunciated by Helmholtz, that Nature provides also a 
fixed quantity of energy, to which we can add noth- 
ing and from which we can take nothing away. 

A man, considered as an engine and compared 
with the vast supplies of energy available in coal and 
failing water, is capable of but an insignificant amount 
of work. It has been calculated that a very strong 
man. exerting himself very violently, can, for a few 
minutes, work at a rate approximating one-fifth of a 
horse power; but we have only to remember that one- 
fifth of a horse power means 6.600 foot-pounds per 
minute, and that this is equivalent to lifting 1 lO pounds 
one foot every second, to perceive that the calculation 
does not apply to the average man performing con- 
tinuous work by the hour. Considering work contin- 
ued for ten hours per day, I think it is safe to say 
that the average output of fifty strong laboring men. 
working steadily and faithfully, would not exceed one 
horse power, and it is probably no exaggeration to 
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say that the power of Niagara exceeds the physical 
power that the whole human race is capable of 
continuously exerting. 

Niagara is a great solar engine. You all under- 
stand the cycle. Water raised by the sun from sea 
and lake and river is precipitated to the earth by 
changes of temperature, finds its way into the Great 
Lakes, and thence, by the Niagara River, to the rapids 
above the falls, more than 200 feet above the level of 
the water in the gorge immediately below the cataract. 
To raise a pound of water from the river below the 
gorge to the head of the rapids, a force of one pound 
must be exerted through a distance of, say, 200 feet. 
Therefore, every pound of water at the upper end of 
the rapids represents 200 foot-pounds of energy, which 
are given up in falling to the lower level. The rate 
of flow exceeds 7.000 tons of water per second, and 
the total horse power is estimated (by the United States 
census of 1880) to exceed 5,800,000 horse power. That 
is an enormous amount of power. Let us see how 
much coal we should have to burn to develop as 
much. A committee of the National Electric Light 
Association several years ago made a systematic effort 
to ascertain the economy in the consumption of coal 
obtained in electric light stations throughout the United 
States. The final report of this committee is not 
before me, but the preliminary report submitted at 
the convention in St. Louis, March ist, 1893, 
showed that the average consumption of coal in these 
stations per horse power hour, measured, as I under- 
stand, by electrical measuring instruments on the 
switchboard, slightly exceeded six pounds. At this 
rate, it would be necessary to burn more than 130,- 
000,000 tons of coal per annum to develop power 
equal to that of the Niagara River from the upper 
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limit of the rapids tci ihe g'Tgc hclow the falls. This 
would \k sulistatitially one-third the cual product of 
ihc world, and would materially exceed Ihe entire 
amount of coal now used for power purposes. With 
the best of modern steam plants, the consumption of 
coal would still exceed the entire annual output of 
the anthracite coal fields of Pennsylvania. Making all 
necessary allowance for loss in an hydraulic plant, the 
power of Niagara Palls, if it could be utilized as a 
whole, would supply more than j{.ooo,ooo arc lamps 
of 3,000 nominal candle power each. An idea of 
what that number means may be obtained by imagin- 
ing a row of arc lamps on either side of a railway 
track extending from New V'ork to San Francisco. 
Were the number named available, 2,000-candle-power 
lamps might be located on either side of the track at 
intervals of twelve feci throughout the entire distance. 
Expressed in terms of six teen-can die-power incandes- 
cent lamps, there is sufficient power to drive 600 
generators like those now installed in the power house 
of the Niagara Falls Power Company, each of which 
supplies energy ct|ual to that required by about ;5.ooo 
fifty-watt lamps ; or, to put it still another way. the 
power of Niagara, if used for the refining of copper 
by electrnlvsis, would deposit more than 2,000 net 
tons per hour. 

There is an important difference between using the 
energy of coal and utilizing the energy of water pow- 
ers for power purposes. Coal once burned cannot be 
used again. Water powers, on the other hand, arc 
solar engines perennially renewed. We may utilize 
ihe energy of Niagara to-day without subtracting a 
single horse power from that which Nature intended, 
not only for our age, but for future ages. The 
thought, therefore, immediately suggests itself that wc 
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should, so far as possible, utilize our water powers in 
the mechanic arts, burning coal only for our pro- 
tection from cold, for the preparation of food, for 
necessary metallurgical purposes, etc. If this be 
impracticable, we should at least see to it that our 
utilization of the energy of coal does not involve 
undue waste. 

Of course, not all of the power of Niagara can 
be utilized. Aside from aesthetic considerations, which 
will, perhaps, for all time prevent the utilization of a 
sufficient amount to impair the beauty of the falls, 
and considering the subject simply as an engineering 
problem, large deductions from the figures above 
named must be made, to cover the difference between 
the total and the effective head, this difference repre- 
senting the fall in canals and tunnels conveyring water 
to and from the wheels. I suppose that it would be 
possible to deliver about 4,000,000 horse power to the 
turbines, and of this amount the turbines would 
deliver about 3,200,000 horse power at their shafts. 

At this point — the shaft of the turbine — engineer- 
ing science for a long time halted. Water wheels 
appear to have been used at least 2,000, and probably 
4,000, years ago, though not extensively. Every 
water wheel necessarily had a shaft upon which it 
was supported and about which the blades revolved. 
The problem was, how might the power be conveyed 
from the shaft to a point where it could conveniently 
be made to do work. Naturally enough, men first 
used for this purpose something that they could see 
and handle and readily comprehend. They used 
wooden shafts, then ropes and belts. Then someone 
thought of using a liquid, and the science of 
hydraulics began. Still later, somebody suggested 
using a gas — compressed air — and pneumatic trans- 
mission attempted to solve the problem. 
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When the officers and directors of the Cataract 
Construction Company came to decide what methods 
of developing and distributing the power of Niagara 
should be adopted, they faced a problem of tran- 
scendent importance. Il involved far more than the 
mere capital to be invested ; it involved, in no small 
degree, the future development, the prosperity, of a 
territory bounded by a circle having for its radius the 
utmost distance to which the future advancement of 
engineering science might make it possible to trans- 
mit power ; and the decision of the company carrying 
out to a conclusion a project inaugurated on so vast 
a scale, occupying so conspicuous a position m the 
eves of the scientific and engineering world, must 
inevitably exert a powerful influence upon the great 
world problem of the economical utilization of our 
supplies of natural energy. To utilize and distribute 
over the widest range, with the least waste, with the 
greatest certainty, and in form adapted to the widest 
variety of applications, — ^these were the conditions to 
be met. To enumerate them now is to suggest to all 
our minds, with absolute certainty, electricity, the 
Proteus of engineering science as it e.\ists to-day ; but 
it must l>e remembered that when those who inau- 
gurated and have thus far carried out the project 
began their studv of the problem, the possibilities of 
clectricitv had not been demonstrated and recognized 
as they are to-day. At that lime, the relative advan- 
tages and the limitations of water, air. rope transmis- 
sion and electricity were less evident than now. and 
it was necessary to e-xamine with great caie. and 
weigh with accurate judgment, the merits and defects 
of many different plans. This the company proceeded 
tn do with remarkable patience, thoroughness and 
ability, inaugurating a competition which many of the 
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most prominent engineers and manufacturing firms of 
Europe and America were invited to enter, and 
offering prizes for the best solution of the problem. 
The question was in no sense begged at the outstart. 
The company did not select electricity because it was 
the newest agent for transmitting power, nor. because 
the general public was (as it still is) disposed to 
assume that electricity is necessarily the agent best 
adapted to the solution of every engineering problem. 
They arrived at their decision to use electricity only 
after several years of investigation, in which, practi- 
cally without regard to cost, they endeavored to secure 
the best of engineering talent, and in which they 
allowed no prejudice and no difficulty to narrow or 
limit their cosmopolitan search for the best solution. 

Let us consider very briefly some of the limit- 
ations to which our various methods of transmitting 
power are subject. For obvious reasons, transmission 
by shafts, ropes and belts is effective and efficient 
only over comparatively moderate distances. A shaft, 
for instance, even a hollow shaft, if strong, is neces- 
sarily heavy. It must be supported and carefully 
aligned. To effect a change in the direction of trans- 
mission, special devices, such as gears and pulleys, 
must be used. All this means loss of efficiencv at 
every step, and the economical limit is soon reached. 
In the case of transmission by ropes or cables, also, 
loss of efficiency results from the necessity of support- 
ing the weight, and sharp turns are difficult to make 
and imply heavy losses. Subdivision by shafts or 
cables can be mechanically effected only by the inter- 
position of pulleys, gears and similar devices, all of 
which consume energy, and therefore imply waste. 

Hydraulic transmission is also limited to compara- 
tively short distances. Under certain conditions, and 
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used with good results The niunicipalitv of Geneva, 
Switzerland, under the able direction of Colonel Theo- 
dore Turretlini. foreign consulting engineer of the 
Cataract Construction Company, has .established an 
hydraulic plant for the distribution of power through- 
out that city, which has been splendidly successful, and 
is worthy of most careful study. Colonel Turrettini 
and the municipality of Geneva, however, recognize 
the superiority of electric transmission over distances 
exceeding, a very few miles, and they have more 
recently constructed a second power plant some four 
miles further down the Rhone ; in this case using elec- 
tricity to transmit and distribute the (rower. 

Some of the causes that limit the distance to which 
power can be economically transmitted by water will 
readily occur to you. For example, the amount of 
power transmjtied through a pipe by water under 
pressure is proportional to two things : the quan- 
tity of water thai Hows through the pipe in a given 
time, and the head or pressure. Friction increases 
with pressure, and also with an increase in the length 
of the pipe. Then, the efficiency of water motors. - 
particularly those of comparatively small output, is low 
as compared with that of electric motors. Again, the 
chance of water freezing in the pipes must be consid- 
ered ; and a limitation, not frequently encountered in 
practice, but still worthy of note, results from the fact 
that water, unlike electricity, has weight. If we were 
to undertake to carry a pipe line tilled with water 
over some of the mountain ranges now crossed by 
electric conductors, we should have a pressure in the 
pipe, at certain points, of not less than 1,50x3 pounds 
per square inch, due to the greater elevation of other 
parts of the line. 
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The limitations of pneumatic transmission have 
not been accurately determined, and it is probably 
possible to obtain better results by this means than 
have as yet been realized in practice. Air com- 
pressors, however, have been made for many years, 
and as compafVed with electric generators are much 
less efficient. To compress a gas, means necessarily 
to develop heat, and this, so far as our purpose of 
transmitting power is concerned, involves loss ; and 
while it seems probable that by using very high 
pressures in pipes of comparatively small diameter, the 
cost of a system transmitting by compressed air may 
be much reduced as compared with present practice, 
there are serious difficulties to overcome, and up to 
the present time no satisfactory method of surrrtount- 
ing these difficulties has been demonstrated. 

The fourth solution of the problem of transmission 
is by electricity ; that is, by ether under unbalanced 
pressure. Note, if you please, the interesting sequence 
of the several solutions of this problem of transmit- 
ting power : First, a solid ; then, a liquid ; then, 
a gas ; and, finally, something (if I may use 
the expression) more volatile, more subtle, even 
than a gas ; something which, in itself, we can 
neither touch, taste, smell, hear, nor see ; something 
which we know only by its effects ; something so 
elusive that for centuries the world did not know 
that it existed. Is it not significant of the progress 
of engineering science that it should thus have 
advanced from those agents directly perceptible to our 
senses to one which our physical senses cannot per- 
ceive — from the material to the immaterial ? 

And now, what is ether ? What is electricity ? 
And how is power transmitted by electricity ? These 
are questions that the science of the present day can- 
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not fully and salisfactorily answer. But vvc are not 
totally ignorant of the nature and characteristics of 
this agent which we are usin^ with such confidence 
and assurance of results, and it is not difficult to 
ftirm in our minds a rough conception, useful as a 
working hypothesis, thouj^h not susceptible of proof, 
and very properly subject to criticism from various 
points of view. We know from optics that there is 
a medium which is not a solid, not a liquid, and not 
a gas- We may exhaust the air from a glass vessel 
and light will still pass through it. Air. therefore, is 
not the medium by means of which light is trans- 
mitted. Evidently, there is something still in the 
glass vessel, which serves to convey the ray of light. 
We know, also, that the space between the earth and 
the sun is not filled with air. and yet it is traversed 
hv light. We assume, therefore, that the inier- 
pl.inetary spaces are filled with this same something, 
and. for convenience, we call it ether, and proceed 
to study its phenomena. The science of optics, which 
deals with the propagation of light through this 
medium, is so well established by observed facts, anH 
hy general theories which explain and interconnect 
these facts, that practically nothing within the range 
of human kno\idedge is more certain than that some- 
thing which we call ether dues exist and that it per- 
vades all space and all matter. In 1888, the German 
physicist. Hertz, proved beyond the shadow of a 
doutit that electric and magnetic phenomena hi«ve to 
do with (his same medium. 

Electricity is defined as ether in a state of strain, 
or. more properly speaking.' in a state of unbalanced 
strain — this strain manifesting itself along the con* 
ductors of an electric circuit connected at one end to 
a dynamo in action and at the other end to a lamp. 
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motor, or other translating device. Professor Lodge 
advises us to conceive of an electric conductor as a hole 
through the el her. The static balance of the ether 
being relieved or unbalanced along the surface of the 
conductor, and the strains to which our world of 
ether is subject (somewhat as water at the bottom 
of the sea is under pressure) being unbalanced along 
the line of the circuit, the ether transmits along 
the surface of the conductor the strain or pressure 
imparted to it by the dynamo. We need not 
pause to consider whether the strain is transmitted by 
the ether within the copper conductor or along its 
surface, but we may imagine that following the path 
of the conductor from the dynamo to the motor and 
back again from the motor to the dynamo, a loop or 
chain of ether transmits a stress or strain from the 
dynamo to the motor, somewhat as a belt conveys 
power from a driving to a driven pulley. 

In the telegraph, and more recently in the tele- 
phone, we have become familiar with some of the 
characteristics of electric transmission ; notably, the 
fact that it is practically instantaneous in its action. 
We press a key in America, and the mind of an 
operator in England almost instantly has our thought. 
The mechanical movement of the transmitting instru- 
ment here causes a mechanical movement of part of 
the recording instrument there. It is as if they were 
connected by a rigid bar less compressible than steel, 
yet weighing nothing. 

We are less familiar with the fact that electricity 
is strong, but observation of thousands of street rail- 
way cars driven at high Speeds and up heavy grades, 
and of motors operating heavy machinery in mills 
and factories, is teaching us this also. As a matter 
of fact, the power transmitted through a copper con- 



ductor of given section, at the potential now being 
employed by the Niagara Falls Power Company in 
transmitting power to Buffalo (between 10,000 and 
11,000 volts), is sufficient to break many steel cables 
of equal section moving ten miles per hour and 
attempting to transmit equal power. At 10,000 volts, 
a single-phase circuit consisting of a copper conductor 
one inch in section and carrying 1,000 amperes trans- 
mits more than thirteen thousand horse power. 
The strain upon a cable transmitting this amount 
of power mechanically and moving ten miles per 
hour, would exceed one million pounds — enough 
to break eight steel cables one inch in section and 
having the high ultimate tensile strength of 125,000 
pounds per square inch. In three-phase transmission, 
such as is used between Niagara and Buffalo, the 
results in this respect are still more remarkable, but 
to consider three conductors makes our comparison 
with a steel cable less evident. 

Power transmitted by electricity is delivered in a 
form adapted to a remarkable variety of uses, and, as 
compared with power transmitted by any other system, 
possesses important advantages. Supplied to a motor, 
it performs mechanical work at efficiencies ranging 
from sixty to ninety-five per cent, depending upon the 
size of the motor. Delivered to an arc lamp, it pro- 
duces from 1.500 to 2,000 actual candle power per 
horse power, l^sed to supply incandescent lamps, it 
produces light agreeable in quality, possessing substan- 
tial advantages over other forms of illumination, and 
developing from 200 to 250 candle power per horse 
power. Conveyed to the terminals of the electric fur- 
nace, it produces, by synthetic process, various mate- 
rials new in the arts and of great value, or. trav^ersing 
the electrolyte of the chemist, it tears apart the very 
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molecules of which matter is composed and segregates 
their constituent elements. Unlike shafts, belts and 
cables, it can be indefinitely subdivided without mate- 
rial loss. It can readily turn corners. It is trans- 
mitted vertically with as much ease as horizontally. 
Unlike water, it never freezes, and, unlike compressed 
air, it can be delivered from the generating machinery 
and transmitted many miles at very high efficiency. 

And now, how is the Niagara Falls Power Com- 
pany proceeding to develop Niagara power under the 
grants which it has received from the State of New 
York and the Province of Ontario ? The plans have 
been so often and so fully described that I do not 
propose to consider them in detail to-night. In gen- 
eral, however, I desire to invite your attention to cer- 
tain facts connected with the work, and to certain 
features of the plans and the methods of construction 
adopted, which demonstrate, I think, that the Niagara 
Falls Power Company thoroughly understands the 
magnitude and far-reaching consequences of its proj- 
ect ; that it is carrying out the project with remark- 
able skill and courage, and with an evident desire to 
build, not only for the present, but for the future, 
and that it aims, not only to secure a fair return upon 
the capital invested, but to insure to the entire country 
within the rapidly receding horizon of practical power 
transmission the advantages that should result from 
the possession of this wonderful gift of nature. 
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FIFTH SESSION 



President NichoUs called the meeting to order at 
10.30 a. m., and introduced Mr. Benjamin G. Lamme, 
of Pittsburg, Pennsylvania, who read his paper on 
**The Polyphase Motor." 



THE POLYPHASE MOTOR. 



The polyphase motor is usually treated from the 
theoretical standpoint, and the results obtained are of 
interest mainly to designers and investigators. Such 
treatment has been principally of a mathematical 
nature, the object being to show how the various 
characteristics of the motor may be predetermined. 
This is what the designer requires, but it gives very 
little information to the practical man, who uses the 
motor. In the following treatment of the subject, 
the general operation of the motor will be explained 
in a non-mathematical way by the use of diagrams 
which illustrate its characteristics under different con- 
ditions. Only the non -synchronous type of motors 
will be considered, and no distinction is made between 
two and three-phase motors, for, if properly designed, 
they are practically alike in operation. 

It is necessarv to understand the characteristics of 
the polyphase motor in order to consider properly its 
application to the different classes of work to be met 
with in practice. These characteristics can be repre- 
sented in the most intelligible manner by means of 
curves, which represent the relations between the 
speed, torque or turning effort, horse power expended 
and developed, amperes, etc. The speed-torque curve, 
which represents the speed in terms of the torque, is 
the most important one, as upon this depends the 
adaptability of the motor to the various kinds of 
work. The starting conditions also depend upon the 
speed-torque characteristics. The other curves that 
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are of importance in practice are the current, efficiency 
and power factor. As these are dependent, to some 
extent, upon the speed-torque curve, that should be 
considered first. Before treating of its characteristics, 
a short description of the motor itself will be given. 

The polyphase motor, like a direct-current motor, 
consists primarily of two parts, one stationary and 
the other rotating, each of which carries windings. 
The inside bore, or face, of the stationary is generally 
slotted, and carries windings that resemble those of 
an ordinary direct-current armature without the com- 
mutator. The rotating part is also slotted on its out- 
side face, and there are windings in the slots. Both 
cores or bodies are built up of thin iron or steel 
plates. The general arrangement is shown in Figure i. 
One of these windings, generally on the stationary 
part, receives current from a two or three-phase sup- 
ply circuit. The coils of this winding, although dis- 
tributed symmetrically over the entire face of the core, 
are really connected to form distinct groups which 
overlap each other. These windings form the two or 
three circuits in the motor. When alternating electro- 
motive forces are applied to these circuits, currents 
will flow which set up magnetic fields in the motor. 
These alternating fields in turn generate electromotive 
forces in the windings. Part of the current flowing 
in the windings represents energy expended usefully, 
or in heating, and part serves merely as magnetizing 
current. The latter, like the magnetizing current of 
a direct-current machine, is dependent upon the 
dimensions of the magnetic circuit and upon the mag- 
netic density in the various parts. Even when run- 
ning with no load the magnetizing current is required. 

The second part of the motor, generally the rotat- 
ing, receives no current from the supply circuit. 



The magnetic fields set up by the first set of wind- 
ings pass through the second windings, and, under 
certain conditions, generate electromotive forces in 
them. If the second windings are arranged to form 
closed circuits, currents will flow in them. These 




currents are entirely separate from those of the sup- 
ply circuits. 

When running, the motor has a maximum speed 
that is approximately equal to the alternations of the 
supply circuit divided l>y the number of motor poles. 
This is the no-load speed. As the motor is loaded. 
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the speed falls off almost in proportion to the load. 
The drop in speed is sometimes called the **slip." 
This is usually expressed as a per cent of the maxi- 
mum speed. If, for instance, a motor has a maximum 
speed of i.ooo revolutions and drops fifty revolutions 
below this at full load, it then has a slip of five per 
cent. 

With this type of motor, a drop in speed is neces- 
sary for developing torque. A fairly simple illustration 
of this action may be obtained by considering the 
operation of an alternating-current generator under 
certain conditions. We will take a type of alternator 
having 'a stationary armature and a rotatable field 
magnet, which can be driven at various speeds. Leads 
are carried out from the armature to adjustable resist- 
ances. To avoid complexity, the armature circuits 
and the resistances are considered as non-inductive. 
The field coils are excited by direct current. Figure 
2 shows this arrangement. When the field is rotated 
at a certain speed, with the field coils charged, there 
is an alternating electromotive force set up in the 
armature winding. When the armature circuit is closed 
through a resistance, a current will flow and the 
armature develops power. The power developed by 
the armature is slightly less than the power expended 
on the field shaft, which is proportioned to the 
product of the speed and the turning or driving effort 
on the shaft. Consequently, at a given speed, a driving 
effort is required at the field shaft, corresponding to 
the power developed by the armature. If the armature 
current is increased or decreased, the power developed 
is increased or decreased also, and the driving effort 
will vary in proportion. Let the field be rotated at 
one-half the above speed. The armature electromotive 
force becomes one-half what it was before. Reducing 



the resistance in the armature circuit to one-half, the 
same current as before will How. The power developed 
by the armature is now one-half and the speed of the 
field is one-half, consequently, the driving effort is 
the same as before. Reducing the speed further, and 
decreasing the resistance in the armature circuit in 
proportion, to keep the armature current constant, 
we find the driving effort on the field remains con- 
stant. Finally, reduce the speed so much that the 




external armature resistance is all cut out. and the 
armature is short-circuited <in itself with the same 
current as before. The same driving effort is required. 
The field is now rotating very slowly, and the alter- 
nations in the armature arc very low. being just 
sufficient to generate the electromotive force required 
to drive the armature current against the resistance of 
the windings. -Any further reduction in speed will 
diminish the armature electromotive force, and the 
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armature current must fall, the power developed will 
be diminished and the driving effort must also fall in 
proportion. An increase in speed will increase the 
armature current, and thus increase the driving effort 
required. 

If but one armature circuit is closed, the power 
developed will pulsate as the armature current varies, 
from zero to a maximum value, and the driving effort 
will also vary. But if the armature has two or more 
circuits having different phase relations, it may develop 
power continuously and the driving effort will then be 
continuous. 

The armature has been considered as stationary 
and developing power while a certain driving effort 
was applied to the field. According to the well-known 
law that any force is met by 'an opposing force, the 
armature must have a certain resisting effort. The 
armature really tends t© rotate with the field, and the 
resisting effort is exerted to prevent this. 

Assume the armature to be arranged for rotation, 
but locked, in the above operations. Release the 
armature, attach a brake, and adjust for a torque 
equal to the resisting effort of the armature. The 
armature just remains stationary. Speed up the field, 
and the armature will speed up also, keeping a certain 
number of revolutions behind the field. This difference 
in speed is that required for generating the electro- 
motive force necessary for sending the current through 
the armature. The alternations in the armature will 
remain constant for a given armature current, inde- 
pendent of the speed at which the armature is running. 
If the brake be tightened, the armature must drive 
more current through its windings to develop the 
required effort, the armature alternations must increase, 
and the armature will lag behind its field more than 
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before or tlie slip is increased. If the brake be 
loosened, the armature will run nearer the speed of the 
field. If the field be driven at a constant speed and 
the brake be released, the armature will run at practi- 
cally the same speed as the field. If the winding 
consists of but one closed circuit, the torque developed 
by the armatures varies periodically, and that developed 
by the brake will vary also, but to a less extent, as 
it is steadied by the inertia of the rotating armature. 
But with two or more circuits having different phase 
relations, arranged for constant power developed in 
the armature windings, the torque developed is also 
constant at all limes. Consequently, for constant 
torque at the brake, there should be two or more 
phases in the armature windings. 

This explanation of the development of torque 
in the short-circuited armature is merely an attempt 
to illustrate certain of the actions in the polyphase- 
motor armature by a comparison with the operations 
of other apparatus that is, in general, much better 
understood. We cannot infer, from the above illus- 
tration, that an alternating-current generator would 
run as a motor under the assumed conditions, for, in 
the above operations, mechanical power is supplied to 
the field shaft, and mechanical power is delivered by 
the rotating armature to the brake. There is no true 
electro-motor action ; that is, there is no transforma- 
tion of electrical power supplied to mechanical power 
developed. 

The action of the short-circuited armature of the 
above generator and that of the polyphase motor are 
very similar in regard to drop in speed for developing 
torque. But, instead of the mechanically rotated field 
magnet, there is a stationary core provided with two 
or more windings which carry currents having differ- 



ent phase relation. These windings are placed pro- 
gressively around the core, either overlapping or on 
separate poles. When currents flow in the windings, 
resultant magnetic poles on fields are formed, which 
are progressively shifting around the axis of the motor. 
The closed or short-circuited armature, rotating in this 
field, develops torque by dropping in speed, in ihe 
same way that it developed torque with mechanically 
rotated field magnets. But electrical power, instead of 
mechanical, is now supplied to produce the shifting or 
rotating field, and the conversion from electrical power 
supplied to the field windings to mechanical power 
developed by the armature shaft is a transformer 
action which does not appear in the above illustration. 
Figure 3 shows diagrammatically the progressively shift- 
ing field, with two overlapping windings arranged for 
two-phase currents. Coils i-i, etc., form one circuit, 
while coils 2-2, etc., form the other. 

Starting with current in / at its maximum value, 
its magnetizing force must be at its maximum. The 
current and magnetizing force of circuit 2 are 
at zero value. Four poles or magnetic fields, 
alternating N-S-N-S around the core, are formed 
directly over coils /. As the current in / begins to 
decrease, that \w 2 rises. We then have the combined 
magnetizing forces of the two overlapping windings. 
These two magnetizing forces act together at some 
points, and oppose at others. The resultant magnetic 
field shifts to one side of the former position. As the 
current in / gradually falls to zero and 2 rises to its 
maximum value, the magnetic field shifts around until 
it is directly over coils 2. If the current in / should 
next increase in the same direction as before, while 2 
diminished, the magnetic poles would shift back again 
to their former position. But the current in /, after 
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reaching zero value, rises in the opposite direction, 
while 2 falls. This shifts the resultant poles forward 
instead of backward, and they gradually shift ahead 
until they are again directly over coils /. But the N 
poles have shifted around until they occupy the former 
position of the vS poles. Thus, with the current in / 
passing from a maximum in one direction to a maxi- 
mum in the opposite, the poles have shifted forward 
the width of one polar space. Current 2 next rises in 
a reversed direction, and the poles shift forward until 
they are over coils 2, with the maximum current in 2. 

In the diagrams, Nos. i, 2, 3, etc., show the posi- 
tions of the shifting field under certain conditions of 
current in the two circuits. In No. 2, the position 
shown is an arbitrary one, for it depends upon the 
relative values of the currents in the two circuits. 
With the two currents equal, the position would be 
half-way between Nos. i and 2. 

These diagrams show that the magnetic field due 
to the two-phase currents in properly arranged wind- 
ings shifts progressively around the axis, just as if 
the field were rotated mechanically. 

The stationary core, in the above description, is in 
practice, placed outside the revolving armature instead 
of inside, but this in no wise affects the conditions of 
operations as explained above. 

In polyphase motors, the part that resembles the 
field in the above description, and which receives the 
current from the line, is usually called the primary, on 
account of its electrical resemblance to the primary of 
a transformer. The equivalent of the armature in the 
preceding description is called the secondary. If the 
alterations of the supply circuit are constant, the 
reversals of the current in the field or primary will 
occur at a uniform rate, and the magnetic field will 
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shift around its centre at a definite speed, depending 
upon the rate of alternation of the supply circuit and 
the number of poles in each circuit of the motor. If 
the armature or secondary rotates at the same speed 
as the field shifts, there will be no reversals or alter- 
nations in its magnetism, and there will be no cur- 
rents and, consequently, no torque. If a load is 
thrown on, the speed will drop, and the resultant 
alternations in the secondary will generate electro- 
motive forces which will drive currents through the 
windings, and thus develop torque. The speed will 
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fall, and the secondary electromotive forces will 
increase until a torque is developed sufficient for the 
load carried. Increasing the load on the motor, the 
speed should fall and the torque increase until zero 
speed is reached. The speed-torque curve would then 
be of the form shown in Figure 4, curve n. But the 
shape of this curve is modified to a great extent in 
actual motors l)y certain effects which cannot be 
entirely eliminated. 

In the case of the revolving field, the magnetiza- 
tion was supposed to remain constant under different 
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conditions. But in the motor primary, the magnetism 
of the primary is not constant under all conditions, 
and it does not all pass through the secondary cir- 
cuits. The primary windings necessarily have some 
resistance, and a certain electromotive force is required 
to drive the primary current through the windings. 
With a constant applied electromotive force, the pri- 
mary counter-electromotive force will diminish as the 
drop in primary resistance increases, and the magnetic 
field required will diminish also. To develop the 
required secondary electromotive force for driving the 
secondary current through the windings, the speed 
must drop more than shown by curve a in Figure 4. 
This gives a speed-torque curve as shown by curve h 
in Figure 4. Instead of being a straight line, it is 
somewhat curved. 

But there is a still more important effect in the 
motor. The primary and secondary currents, and 
their consequent magnetizing forces, are opposed to 
each other. The result is that part of the primary 
magnetism threads across between the primary and 
secondary windings without passing into the secondary. 
Thus, the electromotive force of the secondary is 
reduced, or, for a required secondary electromotive 
force, the secondary alternations must be increased. 
This means a further drop in speed. The secondary 
currents also tend to form local magnetic fields 
around their own coils. These local fields are alter- 
nating, and set up electromotive forces in the sec- 
ondary circuits. In consequence, the electromotive 
forces generated by the magnetism from the primary 
have to drive currents, not only against the resistance 
of the windings, but also against these local electro- 
motive forces. This necessitates a further drop in 
speed for the required torque. These local electro- 
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motive forces depend upon the secondary alternations, 
and therefore vary with the drop in speed, and are 
>jrcate5t at zero speed. This introduces a very com- 
plicated condition in the secondary circuits. These 
magnetic fields, which thread around only the primary 
or secondary windings, are called the magnetic leak- 
ages, or stray fields, or the magrnetic dispersion. If 
the magnetic leakage is relatively large, that is, 
twenty to twenty-five per cent of the total induction. 
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and the secondary resistance is low, the speed-torque 
curve has the peculiar shape shown in Figure 5. 
This curve shows the torque increasing as the speed 
falls, until a certain maximum is reached. Bevond 
this point the torque diminishes with further drop in 
speed. If the motor is loaded to the maximum 
torque, a slight increase in load causes a further drop 
in speed, the torque diminishes and the motor stops. 
As a consequence, the normal rating of the motor 
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must be considerably below the pulling-out point. 
The margin necessary depends upon the nature of 
the load to be carried. 

The starting torque, speed regulation, etc., of the 
polyphase motor depend upon the form of the 
speed-torque curves. The different methods of vary- 
ing the form of these curves will be considered next. 

As the secondary electromotive force is that 
necessary to drive the secondary currents through the 
windings, it follows that the electromotive force 
required must depend upon the resistance of these wind- 
ings. A larger resistance means a larger electromotive 
force for the required current, and, therefore, a greater 
number of secondary alternations, or a greater drop in 
speed. The torque being held constant, any variation 
of the secondary resistance requires a proportionate 
variation in the slip. If the slip with a given torque 
is ten per cent, for instance, it will be twenty per 
cent with double the secondary resistance, or fifty per 
cent with five times the resistance. This is true only 
with the primary conditions of constant applied elec- 
tromotive force and constant alternations. The sec- 
ondary resistance may be in the windings themselves ; 
or may be external to the windings, but part of the 
secondary body ; or it may be entirely separate from 
the machine, and connected to the windings by the 
proper leads. 

Figure 6 shows the speed-torque curves for a 
motor with different resistance in the secondary circuit. 
In a there is a secondary resistance, which is small. 
In ^ the secondary resistance is doubled. The maxi- 
mum torque remains the same, but the slip, for any 
given torque, is doubled. This starts much better 
than a. In c, the resistance is again doubled, and 
the slip is also doubled. The starting torque is 



3" 




Fig. 6. 



increased, but the slip is rather large at the rated 
torque, T. In d, the slip is again doubled. In this 
case the torque is high at start and falls rapidly as 
the speed increases. In e, the maximum torque is 
not yet reached at zero speed. Continuing these 
curves below the zero-speed line, that is, running the 
motor in the reverse direction, we get the general 
form of these different speed-torque curves. They 
are all of the same general shape, and all have the 
same maximum torque. 

So far as torque is concerned, d is the best for 
starting. But for running, a gives the least drop in 
speed. Consequently, if a resistance is introduced at 
start that will give the speed-torque d, it should be 
cut out or short-circuited for the running condition. 
This is one method of operation that has been much 
used. 

In deterroining the best starting condition, the 
current supplied to the primary should be considered 
in connection with the speed-torque curves. This cur- 
rent may be plotted with the series of speed-torque 
curves shown in Figure 6. Referring to this figure, 
A represents the primary amperes in terms of torque. 
Starting at B at no-load, or zero, torque, it rises at 
a nearly uniform rate until maximum torque is 
approached ; that is, below this point the current is 
nearly proportional to the torque, but beyond this the 
current continues to increase, and reaches a maximum 
at the torque represented by zero speed. At reversed 
speed this current is further increased. This one cur- 
rent curve holds true for all the speed-torque curves, 
a, b, Cy d, etc. Comparing the different curves, we 
see that a takes most current at start, and gives low 
torque ; b takes less current than a, and gives more 
torque ; c takes less current than b ; d takes less cur- 
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rent than o and gives the maximum torque at start ; 
f takes less current than d, and develops less torque ; 
but the current and torque are very nearly in pro- 
portion over the whole range. From this we see 
that a speed-torque curve of the form of d or e is 
decidedly better than a ox b for starting. But for 



I 




Fig. 7. 



running at less than the maximum, there is no 
advantage, so far as current is concerned, in curve d 
over curve a, and the speed regulation of d is poor. 
Figure 7 represents the conditions of speed, cur- 
rent, etc., when a variable secondary resistance is used 
at start. The motor starts at / on curve d, and takes 
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a current g. The current falls to h, while the speed 
rises to i, which is at the normal torque at which 
the motor will run under the given conditions. The 
speed will remain at this point. Then the resistance 
in the secondary is short-circuited, and the load is 
shifted to the speed-torque curve a. At the speed z, 
the torque increases to k on the torque curve. The 
current corresponding to this is /. As the torque at 
k is greater than at /, the motor speed will increase 
until normal torque is reached again at m, while the 
current falls from / to //. Consequently, at the 
moment of cutting out the secondary resistance, there 
has been a very considerable increase in the current. 
By arranging the starting resistance in the secondary 
for more current at start, somewhat less would be 
required upon switching from b to a. But if the 
torque required when speeding up is greater than 
that at the point where curves a and e cross each 
other, the motor will not pull up if curve e is used 
for starting. For, svyitching from e to a, the torque 
falls, and the motor will stop. The current on 
switching over increases to n, and then rises to o as 
the motor stops. In this case the resistance that 
gives curve e is too great, and a lower starting 
resistance is required. By making several steps of 
the secondary resistance, so that it may be cut out 
gradually, the motor may be made to pass through a 
series of speed-torque curves with much smaller vari- 
ations of current than shown in the preceding dia- 
grams. This method has been used to some extent, 
but requires collector rings or a complicated switching 
arrangement in connection with the motor secondary. 
Figure 8 shows the conditions for starting and 
speeding up, with five speed-torque curves. The motor 
starts on curve e at f. The speed rises to g. The 
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motor is then switched to curve d, the torque rising 
to //. The speed then rises to /. In this way the 
motor passes successively from d lo c, b and a, until 
the full speed is reached. The currents at no time 
reach very high values. 
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Plotting the current in terms of speed, the use of 
a large number of steps is shown to better advantage. 
This is shown in Figures 9 and la Figure 9 shows 
the same starting conditions as Figure 7* with curves 



d and a. The current starts at A, and falls to B. 
The resistance is then short-circuited, and the current 
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rises to C and then falls to D, which is the same as 
B. \i A had been higher at start, C would have 
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been lowered slightly. But. as the time required for 
passing from y4 to B is generally greater than that 
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from C to D, C may be higher than A, If the 
motor is not required to develop such a large torque 
when pulling up, then C will he lowered, while A 
is unchanged. 

In Figure lo, the currents in terms of speed arc 
shown for five steps with the five speed-torque curves 
of Figure 8. The starting current A is low, and 
none of the currents, when switching from one curve 
to another, are large. The dotted lines show the 
corresponding currents for two steps, as in Figure 9. 

For variable speed work, such as cranes, elevators, 
etc.. the series of curves in Figure 6 show one method 
of regulating the speed. By varymg the secondary 
resistance over a wide range, any speed from zero to 
maximum may be obtained with any torque up to 
the maximum. This requires the use of collector rings 
and adjustable rheostats. The variations in speed arc 
obtained by wasting energy in resistance. For a given 
torque, the same power is expended on the motor 
whether the speed is zero or the maximum. To obtain 
a certain torque at start requires as much power as 
when running at full speed. 

An analysis of the motor shows another way in 
which the speed-torque curves may be varied. In 
Figure 6. all the curves show a certain maximum 
torcjue. which is the same in all cases ; but this is 
with the condition of constant primary electromotive 
force. By varying the electromotive force applied to 
the primary, we may obtain a quite different series of 
curves. Taking, for example, a speed-torque curve 
of the form a in Figure 11, and applying a higher 
electromotive force to the primar)% a curve is obtained 
of the same shape as a, but with a much higher point 
of maximum torque. Lowering the applied electro- 
motive force, the maximum torque is lowered. The 
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torques at any given speed are raised or lowered in 
the same proportion as the maxima are varied. At 
any given speed, the torques are proportional to the 
square of the electromotive forces applied. This 
relation holds good for any form of the torque curve, 
whether of the shape a, d or e, shown in Figure 6. 

The current curves are also shown in Figure ii. 
They all have the same general shape, but have 
different maximum values, these being proportional 
to the electromotive forces applied. The speed-torque 
curve a in Figure 1 1 has the same shape as d in 




Figure 6, which gave too great a drop in speed. In 
Figure ii, curve b, which is the same form as a, gives 
less speed drop for the same torque. Curve c gives 
less than b, and has fairly good speed regulation from 
no load up to normal torque T. But this result is 
obtained at the expense of increased induction in the 
iron, and large no-load or magnetizing current, due to 
the higher electromotive force required. If it is pos- 
sible to obtain a speed-torque curve like c in Figure 
II, with the normal electromotive force applied, we 
can obtain good speed regulation from no load up to 



the rated torque, and shall be able to start the motor 
with the maximum torque it can develop. Then by 
lowering the applied electromotive force, the s^me 
form of speed-torque curve will be retained, but the 
starting torque and starting current may be lowered 
to any extent desired. 

Returning to Figure 5. it was stated that the 
peculiar shape of this curve, with the torcjue falling 
rapidly after reaching a maximum value, was due 
mainly to magnetic leakage between the primary and 
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secondary windings. But if the motor is so pro- 
portioned that the leakage is very small compared 
with the useful field, the speed-torque curve takes a 
quite different shape. The maximum torcjue is 
increased directly as the magnetic leakage is dimin- 
ished. This is shown in Figure 12. Here a is sim- 
ilar in shape to curve a in Figure 6; 6 represents the 
speed-torque curve with the magnetic leakage reduced 
one-half ; c represents it with about one-half the leak- 
age of 6, and d with one-half that of c. 
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In comparing Figures 6 and 12, it may be noted 
that a in one is the same form as a in the other, 
although drawn to a different scale. In Figure 12, b 
has the same shape as in Figure 6, but has a different 
maximum value. The same is true of curves c and d 
in the two figures. By lowering the applied electro- 
motive forces for curves d, c and b of Figure 12. so 
that the maximum torques are equal to that of a, as 
shown by the dotted curves, we get practically the 
same curves as in Figure 6. 

In Figure 12, d gives as good running conditions 
as curve a in Figure 6, having about the same drop 




in speed at the normal torque T, We have, then, in 
d a curve which starts at the point of maximum 
torque, and which also has a small drop in speed at 
the normal load. The objection to this curve is that 
the starting current and starting torque, although in 
the proper proportion to each other, are both much 
greater than is neccs^nry or desirable. But by reduc- 
ing the applied electromotive force at start, lower 
torques and currents are obtainable. In this way, we 
may combine good starting and good running con- 
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ditions in one motor without the use of starting 
resistances, and with a secondary that has no resist- 
ance except that of its own windings. Figure 13 
shows the speed-torque and current curves of such a 
motor, with the applied electromotive force varied 
over a considerable range. 

If but one electromotive force is desired for start- 
ing and speeding up, and the motor is then to be 
transferred to the working electromotive force, the 
speed-torque curve should preferably have the shape 
shown in Figure 14. This starts with the desired 




torque, but comes up to almost rated speed before 
switching over. This is suitable for constant-speed 
work. In this figure are shown the starting and run- 
ning speed-torque curves, and the currents both in 
the motor and the line. The line currents are smaller 
than the motor currents in the ratio of reduction of 
electromotive force in the regulating transformers. 

For cranes, elevators, and variable speed work in 
general, curves of the form shown in Figure 15 are 
preferable. The line currents are also shown in this 
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figure. This series of speed-torque curves shows that 
a wide range of speed may be obtained by proper 
variations of the applied electromotive force. The line 
currents A, B, etc., practically overlap each other. 
This means that the line current required with this 
method of control, is very nearly constant for any 
given torque, independent of the speed. The same is 
true of the method of control by varying the sec- 
ondary resistance. It may be noted that the current 
for starting, as on curve C, for instance, is slightly 
greater than required for running at the same torque 




on b or a. This is due to the speed-torque curve 
being somewhat curved at its outer end. With a 
somewhat higher resistance of the secondary, the 
curves are more nearly straight, but the drop in 
speed is somewhat increased on the speed torque 
curve for any given electromotive force. In practice, 
a slight compromise is made between the best pos- 
sible starting condition and a condition of less speed 
drop. 

A comparison of the methods of control, by vary- 
ing the secondary resistance and by varying the 



applied electromotive force, shows that they give 
practically the same results in regard to starting, 
speed regulation, etc. But a motor that has been 
designed for regulation by varying its secondary 
resistance, will generally give very poor results when 
an attempt is made to operate it by the variable 
electromotive force method. A motor must be 
especially proportioned for small magnetic leakage 
when this method of control is to be used. The 
proportions and the arrangement of the parts are such 
as may class this as a practically distinct type of 
motor. 

THE EFFICIENCY AND POWER-FACTOR CURVES 

We now come to the other characteristics of the 
polyphase motor, the most important of these being 
the efficiency and the power-factor curves. The 
importance of efficiency is generally appreciated, but 
the question of power factors appears to be over- 
looked in most cases, or else is not thoroughly under- 
stood. 

The efficiency of a polyphase motor is the ratio 
of the power developed to the true power expended, 
as in any other kind of a machine. The power devel- 
oped may be obtained from the speed-torque curves. 
If the torques are given for one foot radius, and the 
speeds in revolutions per minute, then the product of 
any given torque by the corresponding speed, divided 
by 5.250, will give the power developed in horse 
power ; or torque by speed, divided by seven, gives 
'the power developed in watts. This power, plus the 
iron, copper and friction losses, gives the true power 
expended. 

The power factor is the ratio of the true power to 
the apparent power expended. This apparent power 
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is proportional to the products of the primary cur- 
rents by the electromotive forces. If there is magnet- 
izing current, and if the motor has magnetic leakage, 
the primary currents are not in phase with their elec- 
tromotive forces, and their products represent an 
apparent power which is greater than the true energy 
expended. The current of each circuit can be consid- 
ered as made up of two currents, one of which is in 
phase with the applied electromotive force, represent- 
ing true energy, and the other at right angles to the 
electromotive force, representing no energy. This 
right-angled component is the one that has an injuri- 
ous effect on the regulation of the generator, trans- 
mission lines, transformers, etc. 

The size of this component, compared with the 
useful current, may be shown by a table : 
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100 


99 
98 


14.2 
19.9 


95 


100 


95 


3^-2 


90 
80 


100 
IDG 


90 
80 


43-6 
60.0 


70 
60 


100 
100 


70 
60 


71.4 

80.0 


50 


100 


50 


86.6 


40 


100 


40 


91 .6 



Thus, at ninety-per-cent power factor, for instance, 
the current that is lagging ninety degrees behind the 
electromotive force is equal to 43.6 per cent of the 
total current flowing. This lagging current reacts on 
the generator, affecting the regulation. In an alter- 
nating current generator, a ninety-degree lagging cur- 
rent in the armature coils directly opposes the field 
magnetization. When delivering a current at ninety- 



3^5 

pcr-ccnt power factor, there is over forty-three per 
cent of this current opposing the field, and at eighty- 
pcr-cent power factor, sixty per cent is opposing the 
field. If the armature ampere turns are normally 
twenty per cent as great as the field ampere turns, 
then a load of eightv-per-cent power factor will give 
an opposing magnetization in the armature of about 
sixty per cent of the total armature ampere turns, or 
about twelve per cent of the total field, and the arma- 
ture electromotive force will be lowered approximately 
that per cent more than with a load of one-hundred- 
per-cent power factor. 

The inductive effects of the lagging current in the 
transmission circuits and tiansformers are much more 
serious than those from a current that is in phase with 
the electromotive force. The generator, transformers, 
lines and motors also have increased losses, due to 
the larger current required when the power factor is 
low. An eighty-per-cent power factor in a system 
means losses, due to heating of conductors, more than 
fifty per cent greater than with one hundred per cent. 
These figures indicate the importance of good power 
factors in an alternating-current system. 

The lagging or ninety-degree component of the 
current in a motor depends upon the amount of the 
no-load or magnetizing current, and upon the magnetic 
leakage. Let this lagging component be expressed in 
per cent of the total current. Also express the 
magnetizing current in per cent of the total current, 
and the total magnetic leakcige in per cent of the 
total primary induction. Then the sum of the per 
cents of magnetizing current and magnetic leakage 
represents very closely the per cent of the lagging 
component of the primary current. If, for example, 
the magnetizing current is thirty per cent and the 
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leakage is fourteen per cent, the resulting lagging 
component is about forty-four per cent. From the 
preceding table, this indicates about ninety-per-cent 
power factor. A low leakage and a high magnetizing 
current may give the same power factor at full load 
as a high leakage and low magnetizing current ; but 
at half load, the per-cent magnetizing current is 
practically doubled, while the per-cent magnetic leak- 
age is halved. Here, a low magnetizing current is of 
great importance in maintaining a high power factor. 
If a high value of this over a wide range is desired, 
then both the leakage and magnetizing current must 
be low. 

The method of control by varying the primary 
electromotive force is dependent upon the fact that the 
motor has a low magnetic leakage. By using certain 
proportions and arrangements of the windings on the 
primary and secondary, the magnetizing current may 
be made comparatively low. Thtfs both conditions 
for good power factor are obtained. 

With the method of control by varying the 
secondary resistance, good power factors may be 
obtained. But the form of secondary winding required 
when variable resistances are used, tends to reduce 
both the power factor and the maximum torque. 

An elaborate series of tests was made, to determine 
the best type of winding for the secondary of a poly- 
phase motor. First, two circuits were arranged to 
give secondary phases ninety degrees apart. The 
starting, running and maximum-load conditions were 
determined. Then a three-phase secondary winding 
was used. This gave a higher pulling-out torque and 
better power factor than the two-phase. Four phases 
were tried, and were better than three ; and six were 
better than four. Then twelve phases were tried. 
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with a gain in maximum torque over ^ix. but not 
much gain in efficiency. The power factor was some- 
what improved. Then the winding was completely 
short-circuited on itself, ail coils being connected to a 
common ring. This gave a funher increase in maxi- 
mum torque and power factor over the preceding 
arrangement, but there was ver>' little gain in efficiencv. 
The same primary wa< u<ed in all these tests. Each 
time the num^nrr of secondar>' circuits was increased. 
the power facti>r was somewhat improved. This was 
due to the fact that the secondare' currents were able 
to so distribute themselves that the local electromotive 
forces in the coils, due to leakage, were diminished ; 
or. the magnetic leakage may be considered to have 
been diminished. This would necessarily give higher 
pulling-out torques and higher power factors. 

Ver}* complete tests were also made to determine 
the best form of primar>- winding, and a certain 
method of distribution of the coils was found to 
diminish the primar}' magnetic leakage very consider- 
ably. This somewhat increased the maximum torque 
and the j)ower factor. I'tilizing the arrangements of 
the primary and the secondary windings just described, 
and otherwise proportioning for small magnetic leak- 
age, a motor may Ikt obtained that has a comjKira- 
tively low total induction, and yet has a magnetic 
leakage of but a few per cent. The low induction 
allows a small magnetizing current and comparatively 
low iron losses. The low leakage gives a high pulling- 
out torque, and thus allows good speed regulation, 
and also good starting conditions, by varying the 
applied electromotive force. 
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THE TYPE C POLYPHASE MOTOR 

Motors that are adapted for operation under the 
conditions of variable applied electromotive forces, 
with constant secondary resistance, must have the 
special forms of speed-torque curves shown in Figures 
12 to 15, and they may therefore be considered as 
forming a distinct type. This has received the name 
Type C This type of motor is always characterized 
by low magnetic leakage and consequent high pulling- 
out torque. The secondary has no adjustable resist- 
ance, and all regulation is obtained by varying the 
adjustable electromotive force. The secondary is made 
the rotating part, on account of the type of winding 
used, which consists of copper bars placed in tunnels 
or slots in the core, and bolted to two end rings. 
There are no bands, and the question of insulation is 
of very little importance, for the maximum secondary 
electromotive force does not exceed three volts in a 
500-horse-power motor, and is less with smaller sizes. 
This type of motor possesses several distinct advan- 
tages over other forms of polyphase motors. The 
method of control, by varying the electromotive forces 
applied to the motor, leads to two very important 
advantages, one of which is mechanical and the other 
electrical. With this method of control there are no 
regulating appliances on the motor, and, in conse- 
quence, it may be of the simplest possible form. The 
electrical advantage is that the motor may be started 
and controlled from a distance. Thus it may be placed 
entirely out of reach of the operator. On traveling 
cranes, for example, this is of especial advantage, for 
in this case the primary wires only need be run from 
the operator's cage to the motor. If there are several 
motors on the crane, there may be one wire common 
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to all the motors, and but two additional wires per 
motor are required. Thus, for three motors, a mini- 
mum of seven trolley wires may be used. 

If the variable electromotive forces are obtained 
from transformers, the switches for operating several 
motors mav be wired to one set of transformers, and 
the motors may be started and regulated independ- 
ently. For traveling cranes, one set of transformers 
is used for the hoisting, bridge and traveling motors, 
and this set may supply currents at different electro- 
motive forces to all the motors ai the same time. A 
further advantage possessed by this motor lies in the 
high pulling-out torque. If a heavy overload, or a 
load having great inertia, is suddenly thrown on a 
motor that has a speed-torque curve like a in Figure 
6. the point of maximum torque may be passed for 
an instant, and the motor will be stopped unless the 
load is quickly removed. A Type C motor in this 
case would have its speed pulled down for a moment, 
but this reduction in speed gives an increased torque, 
thus enabling the motor to carry the overload. 

If the electromotive force of the system is sud- 
denly lowered, the pulling-out torcjue of the motors is 
lowered very materially. A reduction of twenty per 
cent in the electromotive force will lower the pulling- 
out torque to about two-thirds of its former value. 
This may be sufficient to stop the motor, even with 
a temporary drop in the electromotive force, such as 
would be caused bv a momentary short circuit on 
the lines. But a motor that has a pulling-out point 
several times as large as its normal running torque, is 
very rarely in danger of being shut down from this 
cause. This type of motor has a starting torque from 
two to four times as large as the full-load running 
torque, and it is able to start any kind of load. But 
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in practice the starting torque is adjusted to the load 
to be started, by applying a suitable electromotive 
force, as will be explained below. 

A last, but not least, advantage of the Type C is 
its adaptability for large-size motors. The larger the 
motor of this type, the lower in proportion can be 




its magnetic leakage and its magnetizmg current. In 
consequence, the power factors are very high. The 
efficiencies are also very good over a wide range of 
load. The curves for a seventy-five-horse-power, six- 
pole, 3,000-alternation motor are given ; also the 



B cun'es for a 400-horse-power, 2,300-volt, eiRht-pi>le. ^M 

■ j.oooalternation motor. The power factors of these ^H 

motors are good examples of what can be obtained ^M 

on large motors of this type. ^H 
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1 VARIABLE SfEEUS WITH |-Ot.YI-HASK MOTORS ^^^^^| 

There are six methods of varying the spet;d of ^H 

polyphase motors, but some of the inare only appli- ^H 

V cable in special cases. These methods arc : ^^^^H 

H . (t). Varying the number of poles. ^^^^^| 

H^ (3). Varying the alternations applied. ^^^^^^ 



332 

(3). Motors in tandem, or series-parallel. 

(4). Secondary run as single-phase. 

(5). Varying the resistance of the secondary. 

(6). Varying the electromotive force of the 
primary, with constant secondary resistance. 

Some of these methods are efficient, while some 
are very inefficient if the speed is to be varied over a 
wide range. 

The first method, varying the number of poles, is 
efficient to a certain extent, but is limited in the 
number of combinations of poles obtainable. But if 
combined with some of the other methods, it may be 
made fairly effective over a wide range. It consists 
in varying the arrangement of the primary coils in 
such a way that the number of resulting poles is 
varied. This may be accomplished by having two or 
more separate windings on the primary ; or one 
winding may be used, it being rearranged for dijfferent 
speed. With this method of varying the speed, the 
secondary of the "cage" type is the only practical 
one. With a '* grouped" or ** polar" winding on the 
secondary, this would need rearranging for the different 
speeds, just as in the case of the primary. But the 
cage winding, being short-circuited on itself at all 
points, is adapted to any number of poles. In general, 
this method of regulation will allow of only two speeds 
without great complications, and the ratio of the two 
speeds is preferably two to one, although three to 
one may be obtained. The simplest arrangement of 
winding consists of two separate primary windings ; 
one for one number of poles, and the second for the 
other. In combination with a variable primary electro- 
motive force, the speed-torque curves being of such 
shape that this method may be used, the variable-pole 
method of regulation may be made fairly efficient over 
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a wide range of s|>eed. But the two windings con- 
siderably increase the size of the motor, while the 
one-winding arrangements are rather complicated. 
Consequently, we may consider that this method of 
speed variation will be used only in special cases. 
The second method, variable alternations, is theoretic- 
ally the ideal method ; but it is practically limited 
to a few special applications, for we have as yet no 
commercial alternation transformer. 

In a few cases, where but one motor is operated, 
the generator speed may be varied. If the generator 
is driven by a water-wheel, its speed may be varied 
over a wide range, and the motor speed will also 
vary. If the generator field be held at practically 
constant strength, then the motor speed may be 
varied from zero to a maximum at a constant torque 
with a practically constant current. This is a con- 
venient method of operating a motor at a distance 
from the generator. The speed of the motor may 
be completely controlled by an attendant at the 
generating station. 

Figure i6 shows the speed-torque and other curves 
of this motor when operated at 7.200, 3,600. 1.800 
and 720 alternations per minute, or at one hundred, 
fifty, twenty-five and ten per cent of the normal alter- 
nations. The speed-torque curves are a, b, c and d, 
corresponding to the above alternations. The current 
curves are A, li, C and IX This figure shows that 
for the raied torque T, the current is practically con- 
stant for all speeds, but the electromotive force varies 
with the alternations. Consequently, the apparent 
power supplied, represented by the product of the 
current by electromotive force, varies with the speed 
of the motor, and is practically proportionate to the 
power developed. 
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The third method is to run motors in tandem 
parallel. In this arrangement, the secondary of one 
motor is wound with a grouped or polar winding to 
give approximately the same electromotive force and 
number of phases as the primary. This secondary is 
connected to the primary of a second motor. The 
secondary of the second motor may be closed on 
itself, with or without a resistance, or may be con- 
nected to the primary of a third motor, etc. The 




arrangement with two motors is shown in Figure 17. 
At start, motor Number i receives the full number 
of alternations on its primary, and its secondary deliv- 
ers the same number to the primary of motor Num- 
ber 2. Both motors will start. As motor Number i 
speeds up, its secondary alternations fall. At about 
one-half speed, its secondary alternations are about one- 
half its primary, and motor Number 2 receives one- 
half the alternations of motor Number i : it also 
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tends to run at half speed. Therefore, if both motors 
are coupled to the same load, this half speed is a 
position where the two motors tend to operate 
together. By connecting both primaries across the 
line, both motors will be run at full speed. Thus, 
with two motors, two working speeds may be obtained. 
This method always required at least two motors. Its 
application is limited to a few special cases. 

The fourth method — the secondary run with a single 
circuit closed — will give a half speed, and with two or 
more circuits closed, will give full speed. But the 
power factor at the half speed is very low, and the 
efficiency is not nearly so good as when run at full 
speed. This may have a few special applications. 
Figure i8 shows this arrangement. 
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The fifth method of regulation is by resistance in 
the secondary. This has been considered before when 
the speed-torque characteristics were shown. This will 
not give constant speed except with constant load, as 
the speed-torque curve with a relatively large resist- 
ance is a falling curve. At heavy torques, the motor 
will run at very low speeds, while with light loads it 
will run at almost full speeds. The speed regulation 
will be similar to that of a direct-current shunt motor, 
with a resistance in circuit with the armature. To 
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hold constant speed with variable load, this resistance 
requires continual adjustment. 

The sixth method — that in which the primary elec- 
tromotive force is varied while the secondary resist- 
ance is held constant — gives the same results as the 
fifth method, as the speed-torque curves are similar. 
To hold a constant low speed, the electromotive force 
must be varied continually if the load is changing. 
Like the fifth method, this is not efficient at low 
speeds, as the reduction in speed is obtained by means 
of a corresponding loss of energy in the secondary 
circuits. 
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For crane work, hoisting, etc., where it is neces- 
sary to run at reduced speed for but a portion of the 
time, either of the methods five or six is satisfactory, 
but method five requires the use of a variable second- 
ary resistance, and there must be a set of secondary 
leads carried out to a . rheostat if the speed changes 
are to be gradual. This introduces complication, espe- 
cially on a crane where several motors are to be con- 
trolled. In this case, there must be trolley wires for 
both the primary and the secondary circuits of each 
motor. But by method .six the control is effected in 
the primary circuit, and only primary trolley wires are 



needed, and these may he controlled from one pair of 
transformers, as explained before. The sixth method 
is therefore the simplest and most practical one to use 
for hoisting, etc., and will he found to present many 
advantages for all classes of work, whether speed reg- 
ulation is important or not. 

METHODS OF VARYINc; PRIMARY ELKCTROMO TI VK lOR( E 

FOR TYPE C MOTORS 

There are several methods of varying the electro- 
motive force applied for starting and varying the 
speed on the Type C motors. These may be classi- 
fied under thiee headings: 

(i). Varying the electromotive force from the 
generator. 

(2). Varying the electromotive force by trans 
formers. 

(3). Varying the motor connections. 

VARIABLE ELEt TROMOTIVE FORCE FROM THE GENERATOR 

This may be obtained in several ways. The gen- 
erator may be run at low speed, with the field 
charged. This gives lower electromotive force and 
lower alternations at the s;ime time. This is adapted 
only to places where all the motors are to be started 

at once. 

The generator may be run at normal speed and 
its field charge lowered. This gives the normal 
alternations with lower electromotive force. This is 
practicable only where all the motors are to be started 

at once. 

A third method is to so arrange the generator 
windings that two or more electromotive forces for 
2% 
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each phase may be obtained. A lower electromotive 
force may be used at start, and a higher for running. 

The different arrangements of the generator wind- 
ings for this purpose are as follows : 

If the armature has but one vvinding closed on 
itself, like a direct-current machine, two or three 
phases may be taken off. For two phases four leads 
are used. Figure 19 illustrates this. Between 1-3 
and 2-4 is the maximum electromotive force, and 
between 1-2, 2-3, 3-4 and 4-1 there is 0.7 the elec- 
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tromotive force of 1-3. 1-2 is at quarter phase to 
4-1 and 2-3, and 3-4 is at quarter phase to 2-3 and 
4-'. Therefore, across any two adjacent side circuits, 
we have quarter-phase circuits of 0.7 the electromotive 
force of the main circuit. A motor may be started 
on any adjacent side circuit and then switched to the 
main circuit. This method is well-adapted for local 
plants, where the generator electromotive force is 200 
or 400 volts. If there are many motors to be started, 
and the starts are numerous, it is advisable to wire 
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the starting switches so that the various motors are 
started on different side circuits. 

If the generator winding is of the **open coil" 
type, a similar arrangement may be obtained for two 
phases. The two windings may be connected to the 




Fig. 20. 



middle point, thus giving side circuits of 0.7 electro- 
motive force. This is shown in Figure 20. 

Three-phase connections do not allow any very 
convenient combinations with the generator winding. 
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Fig. 21. 



A fourth wire may be run which will give about 
0.58 electromotive force for starting. 



VARIABLE ELKCTROMOTIVE FORCE FROM TRANSFORMERS 

This method, varying the electromotive force by 
means of transformers, admits of many different com- 
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binations. Several of the simpler forms will be 
given : 

(i). The transformers may be so connected that 
two or more electromotive forces may be obtained. 

For two-phase, the secondaries may be connected 
together at the centre, as shown in Figure 21. This 
gives two main circuits, and four side circuits of 
lower electromotive force. If an extra wire be carried 
out from the point 5, then 1-5, 2-5 will form a two- 
phase combination for 0.5 voltage, while 1-2, 2-3 
form a two-phase combination for 0.7 voltage, and 
1-3 and 2-4 give full voltage. 

Another method is to connect the secondaries at 
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one side of the center, as shown in Figure 22. Then 
3-5 and 4-5 give one electromotive force ; 1--5 and 
2-5 give a higher electromotive force, and 1-3 and 
2-4 give full electromotive force. 

These combinations are useful in certain cases, but 
are not as general in their application as the follow- 
ing method : 

(2). Auto-transformers with loops brought out for 
lower electromotive forces. 

In this method, no special combinations of the 
lines, lowering transformers or generators are made, 
but, in connection with each motor, a small pair of 
auto or one-coil transformers is used for starting. If 
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speed regulation is also desired, as for cranes, the 
auto-transformers are made larger. From these auto- 
transformers several loops or connections are brought 
out. These are connected to contact plates on dials 
for controllers, such as are required for regulating the 
speed. This is shown in Figure 23. But for starting 
purposes only, when but one loop from each trans- 
former is used, a pair of switches are used in connec- 
tion with the transformers. With the switches open, 
the motor is disconnected. Throwing one direction 
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starts the motor and brings it up to almost full speed. 
The switches are then thrown over to full electromo- 
tive force. 

Two small transformers in a case with one four- 
jaw, throw-over switch, form what is called an "auto- 
starter." This is readily arranged for either two or 
three-phase circuits and motors. This makes the most 
rtexible arrangement for starting, as the motor may be 
put at any location, and the auto-starter may be put 
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in the most convenient position. It also loads all the 
line wires equally at start, and each motor and starter 
really form a unit separate from all the others. One 
pair of transformers may be connected to several sets 
of switches, and thus be used for starting several 
motors. Where |motors are close to reducing trans- 
formers, the secondaries of the transformers may have 
loops brought out, to which one or more switches are 
connected. The primaries of the transformers mav 
have loops connected to proper switches, and the num- 
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ber of primary turns in the circuit may be varied 
instead of the secondary. This is applicable when the 
transformers supply only one motor, or when several 
motors are started at the same time. A regulator 
with secondary movable with respect to the primary 
may be used. Regulators of this type vary the elec- 
tromotive forces without any ** make " or ** break " 
devices, and consequently have no sparking tendency. 
But they are in general too complicated and costly to 
be able to compete with the transformer with loops. 
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VARYINi; THE MOTOk CONNKCTIONS 

This is not a method for changing the elect romotive 
force applied ; but with a given electromotive force 
the number of turns in series are varied, and the 
effect is the same as varying the applied electromotive 
force. This method is rather limited in its application 
without undue complication. The simplest case for 
the two-phase is a series-parallel combination of the 
windings of each phase. This is equivalent to using 
0.5 electromotive force at start. For three-phase, 
series-parallel may be used, or the winding may be 
thrown from the star svstem of connection at start to 
the delta system for running. This is equivalent to 
using about a6 electromotive force for start. But, as 
the star connection is preferred for the running con- 
dition, this combination is not advisable. 

c HOKK COILS Ok kESISTANCK IN THE I'klMAkV 

There is a fourth method of regulation which may 
be mentioned, but which is not advisable in general 
practice. This is the use of choke coils or of resist- 
ance in the primary circuits of the motor, to reduce 
the electromotive force. These really give varying 
electromotive forces. With choke coils, the power 
factor at start is lowered, with correspondingly bad 
effect on the generator and system. With ohmic 
resistance in the primary circuit, the reduction of 
electromotive force is accompanied by a consumption 
of energy in the primary circuit which \u no way 
represents torque. 

The PkKsiDENT: (ientlemen, I am sure we are 
all very much obliged to Mr. Lamme for the paper 
that he has prepared and read this morning. I am 
very sorry that we shall not be able at this morning's 
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session to give it the time that it deserves for dis- 
cussion. I also regret that, in view of the lateness 
of the hour. I shall have to reserve the paper by 
Lieutenant Patten, on '* Frequency Transformation/' 
until the first order of business this afternoon. As 
you are all aware, we have not yet had an executive 
session. A good many of our active members have 
been asking to have an executive session this morn- 
ing, as they are obliged to leave town. I am, there- 
fore, going to adjourn the regular session of the con- 
vention until half-past two this afternoon. 

After the remaining papers are read we can have 
a discussion on this paper and on others that have 
not yet been taken up. 

I wish to convene an executive session forthwith. 

The convention adjourned to executive session. 



SIXTH SKSSION 



The meeting was called to order at 2.30 p. m. 
by President Nicholls. who announced the first order 
of business to be a paper by Lieutenant F. Jarvis 
Patten. 

LiErTKNAM Patten : Mr. President and Gentle- 
men : I have made this paper less lengthy than I 
should had I attempted a general discussion of the 
subject. I found that would make the paper too 
long for the time that would probably be afforded by 
the business of your convention, so 1 restricted it to 
a discussion of a new solution of this problem which 
has but recently occurred to me, and I think this is 
th«* first time it has ever been put in print. 



FREQUENCY TRANSFORMATION 



Transforming the frequency of alternating currents 
seems to be the only alteration of these exceedingly 
mutable forms of electric energy that has not yet 
become an industrial requirement ; it is by no means 
certain, however, that it will not become one at an 
early day. 

Three possible transformations of alternating cur- 
rent are evident in the nature of things ; they are : 

That of voltage — from a higher to a lower electro- 
motive force ; 

That of phase — from a given number to a greater 
or less number of independent currents, and 

That of frequency — from a given periodicity to a 
higher or lower rate of alternation. 

The first and most obvious of these was the ratson 
d'etre, and whole foundation, in fact, of alternating 
current practice. 

The second was but a tardy outgrowth of multi- 
phase current working, and its efficacy and value were 
neither seen nor understood by its earlier inventors, 
no use being made of this order of transformation for 
several years after its first reduction to practice, in 
1892. 

The third is now apparently going through the 
same embryonic stage of tentative solution, while 
electrical engineers are still at a loss to say to what 
extent frequency transformation will be used when a 
good solution of the problem is given. This, however, 
was precisely the case with phase transformation four 



347 

or five years ago, the importance of which is compara- 
tively recent knowledge. 

One thing, however, is certain ; at times, we should 
like a comparatively high frequency for one use, and 
another relatively low one for another use on the same 
circuit; but at present we cannot have both from the 
same generator, thus compelling a sort of compromise 
in the selection of the frequency that a system of dis- 
tribution shall be given, and this necessarily to the 
ilisadvantage of some part thereof. 

For power distribution, we should prefer a com- 
paratively low frequency for motors, rather below 
sixth than above, but so low a rate is not the best 
for lighting ; hence the compromise if both arc to be 
operated from the same circuit. 

Probably the chief reason why frequency trans- 
formation has not been more seriously considered, is 
because no really good or simple solution of the 
problem has yet been presented ; all thus far pub- 
lished being burdened with a complexity of com- 
mutating devices, rings and revolving brushes, that 
render such systems altogether objectionable. 

I think I was the first to show a system of fre- 
(juency transformation, in a paper before the Ameri- 
can Institute of Electrical Engineers, in 1891. The 
essential features of that system are shown in Figure 
I. Briefly, a gramme armature has a primary wind- 
ing, so connected to its commutator that it will turn 
through a certain arc, say. one-sixth of a revolution 
for each cycle of the alternating current ; while a 
secondary winding of the same ring has two diamet- 
rically opposite points, connected each to a ring 
collector. 

The system by which the primary winding is con- 
nected to its commutator makes such a motor self- 
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Starting with a single-phase supply, and a second com- 
mutator, reversely connected to the first at alternate 
segments, gives a direct current for the field exci- 
tation. This apparatus will transform a single-phase 
alternating current of a given frequency to either 
single or multiphase alternating currents of one-sixth 
the given frequency. I need hardly say, however, 
that, simple as this may seem on paper, the two com- 




mutators render the device unacceptable to American 
practice, and no machine with even a single com- 
mutator or revolving brush can be regarded as a 
solution of this apparently difficult problem. 

Since 1891. only five United States patents have 
been issued for frequency transformers. It will serve 
no purpose to refer to them here in detail. They all 



come under two heads : One has a multiplicity of 
revolving brushes, and commutators with rings enough 




to make one dir/y. as evidenced by Figures 2 and 3, 
taken from one of the patents ; and the others are 




simply motor-dynamu systems, and arc not, strictly 
speaking, frequency transformers at ail, such as that 
shown in Figure 4, taken from another patent. 



Both systems are self-evident in principle and oper- 
ation. As concerns the first, it goes without saying 
that, inasmuch as every direct current is built up of a 
greater or less number of alternating currents in mul- 
tiphase relation, so, by a process of analysis, it is a 
simple matter to separate them into distinct circuits ; 
and then, by a process of synthesis, it is equally sim- 
ple to recombine them as we like, to produce any 
new combination desired in the way of phase or fre- 
quency alteration. My earlier attempt, outlined in 
Figure i. was a little in- advance of this. 




Again, it is evident that if we have an alternating- 
current motor of any description capable of giving 
power, it can be made to drive a generator of any 
sort of current or frequency desired ; such makeshifts 
are not transformers of frequency, as 1 understand the 
term, and before going further it may be well to 
define a frequencv transformer, as I conceive it. 

Such a device should be a self-contained apparatus, 
in which all the parts are electrically or magnetically 
interdependent, the function of which is to induce in 
a scGondary circuit an electromotive force of different 
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jHfriodicity from that of the primary or inducing circuit 
and source of supply. Inasmuch as frequency is always 
the resuh of a relative motion of one part of a gen- 
erating apparatus with respect to another, thus setting 
up a corresponding rate of change of induction, so it 
may be presumed true that changing the frecjuency of 
alternating currents implies changing the relative motion 
of inducing and induced parts with respect to each 
other, from which it mav be further inferred that a 
moving part is indispensable. 

In the appaiatus I shall now describe. I obtain 
this change in the rate of induction bv a novel form 
of electromagnetic motor, which is an independent 
part of the transformer system, and which, in conjunc- 
tion with the currents of altered frequency, determines 
the degree of transformation. A brief description of 
this motor is necessary to a clear understanding of the 
apparatus. It is shown in* vertical elevation in the 
lower half of Figure 5. and in horizontal projection 
in Figure 6. Its field consists of a toothed iron ring, 
with a gramme winding, supplied with multiphase 
currents through the leads L,. L^, setting up a rotat- 
ing magnetic field in the ring. The armature is a 
solid iron disc, D. I'igures 5 and 6. about the same 
thickness as the ring, but having a diameter consider- 
ably less. It has a raised rib or Hange. B, which fits 
into and travels in a corresponding groove cut into 
the faces of the inwardly projecting teeth of the ring, 
Figure 10, or in a track set in the ring, T^igure 6. 
This disc armature is pivoted, as shown, eccentrically 
to the field ring, with which it remains always in con- 
tact at one side of the inner periphery of the latter, 
and is supported by a spindle, F,, which maintains 
the disc in stable equilibrium in any position it may 
assume within the ring. When the ring is energized. 



the magnetism attracts the iron disc, and, while hold- 
ing it in firm contact against the ring at the side, it 




causes it at the same time to roll around the inside 
wall of the ring, following as it must the revolving 
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polar line ui the field. H. however, the rotating mag- 
netism turns contra-clockwise, the disc, in rolling the 
same way. will revolve in a clockwise direction about 
its own axis, as indicated by the arrows in Figure 6. 
Such is the motor pan. 

A universal joint. J. Figure 5. serves the purpose 
of rectifying the eccentric movement of the disc, so 




that any apparatus carried by the up|KM spindle. Pj. 
will revolve concentrically with the upper ring. R^ 
and this ring, with its winding, constitutes the primary 
or inducing element of the transformer: the three-coil 
armature. Figures 5 and 7, with its three free ends 
connected to its three collector rings, Figure 5. being 
the secondary element or induced circuit. 
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Such is the apparatus in its entirety, and it may 
be properly styled a motor transformer for voltage, 
phase and frequency, as all three functions can be per- 
formed as well simultaneously as one or two of them. 

The essential peculiarity which adapts it to this 
use is the following : As the armature disc D has a 
smaller diameter than the ring inside which it rolls. 




so in rolling around the ring from a given starting 
point to the same point again, the disc will have an 
entirely independent rate of rotation about its own 
axis, very different from that of the rotating magnetic 
field in which it turns, and which will be a function of 
the difference between the diameters of the disc and ring. 
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Here, then, we have the essential requirement of a 
frequency-changing apparatus, the operation of which 
will be somewhat as follows : 

Figure 8 being a diagram of circuits for reducing 
frequency, biphase currents from the source of supply 
are introduced to the upper or transformer ring wind- 
ing, the leads being so connected as to set up a 
clockwise-rotating magnetic field in this ring. Nat- 
urally, the transformer armature would rotate in the 
same direction (if its circuits were closed) synchro- 
nously with the field, if free and unconstrained. If, 
however, the armature is not free, but is constrained 
to revolve at a slower rate, then multiphase currents 
(biphase in this instance) will be generated in its 
coils, having a frequency determined by the number 
of times the armature turns through the rotating 
magnetic field while the latter is making one revolu- 
tion in space. 

Let such constrained motion be assumed, and 
consequent generation in the armature coils of multi- 
phase currents, and let these currents be taken from 
the collecting rings and brushes thereon through leads 
down to the lower ring winding or motor field, the 
leads being so connected to this winding as to set up 
a contra-clockwise-rotating field, or one opposite in 
direction to that of the transformer field above. This 
done, and the biphase currents from the source turned 
on, the motor disc will commence rolling around its 
ring in a contra-clockwise direction, but turning at 
the same time about its own axis in a clockwise 
direction, carrying the transformer armature with it in 
the direction of its own revolving field, as it would turn 
if free and unconstrained by the motor disc, but at a 
rate of speed of rotation identical with that of the 
disc about its own axis, which is much slower than 
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the speed of rotation of the transformer field, the lat- 
ter having a rate corresponding to the frequency of 
the biphase currents supplied to it. We therefore 
have in this transformer system a rotating magnetic 
field of comparatively high speed in the primary ring 
winding, and an inclosed secondary circuit revolving 
within the latter at a comparatively low speed in the 
same direction. Under these conditions the induced 
secondary currents of the armature will have a fre- 
quency due to the difference of these two rates of 
rotation. One of them, that of the field, is given, 
and the other is the axial rotation of the disc — neces- 
sarily something less than that of its own motor field 
(when its diameter is more than half the diameter of 
the latter), and the latter being identical with the fre- 
quency of the transformed or induced currents in the 
armature coils. The disc acts as a sort of brake or 
load on the armature, holding its speed down below 
the synchronous rate, thus producing a slowly revolv- 
ing motor field for the disc to roll in. 

To increase frequency, a system of circuits like 
that shown in Figure 9 will be found preferable. In 
this case, the biphase currents from the source of 
supply are introduced to both the transformer-field 
and motor windings, and the connections are such 
that the transformer armature and disc will turn in a 
direction opposite to that of the field in which the 
armature revolves. In this case, as a matter of course, 
the induced secondary currents will have a frequency 
due to the sum of the two motions instead of their 
difference as before. The following is the general 
analysis of the two cases : 

First, to reduce frequency by the system indicated 
in Figure 8. 
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Let n=the frequency of the primary currents. 

n=the revolutions per unit of time of the trans- 
former field. 
p= inside periphery of motor ring. 
q= outside periphery of the motor disc. 
From these it is required to determine 

y= revolutions made by the transformer armature 

in a unit of time. 
y=rate or speed of rotation of the motor disc 

about its own axis, and 
x=frequency of the transformed currents. 
x=ratc of rotation of the motor field. 
Evidently, if the frequency is reduced, y will be 
less than n, and the transformer armature will turn 
n — y times a second, which must therefore determine 
X, the rate at which the motor field rotates. Hence 
we have : 

n~y=x (i). 

is the measure of the difference of the ring and 

disc peripheries expressed in terms of the latter, 
and represents that fraction or part of a complete 
revolution that the disc will make about its own axis 
while rolling once around the ring, or in the time 
that the motor field makes one revolution. 

In the time, therefore, that the motor field makes 

x revolutions, the disc will make x ( — —1 revolutions 

and this value must be equal to y. because the disc 
and armature are rigidly connected. 

Hence, by substitution in equation, we have: 

n-x(P^H) = x (a). 

from which, x = — 3« (5), 

p ^ 
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giving the frequency of the transformed currents in 
terms of n, p and q, known. 

Suppose X is given, and it is required to determine 
the diameter that the disc should be given to obtain 
this frequency with a given diameter of motor ring. 
From equation (i) we obtain 

P-q _ » I (.\ 

q X 

For example, in the former case let the primary 

frequency be 200=n, ring diameter 24=p, and disk 

diameter 8=q ; then from (3) we have 

x= ' z=: 66.6, or the transformed currents will 

have a frequency of 66.6, or one-third the frequency 
of the primary currents. 

In the latter case, given a primary frequency of 
200=n, a secondary frequency of 66.6, to determine 
what relative • diameters to give the ring and disk to 

Q^et this result, we have from (4) Pl_i = -!: 1=2, 

^ q 66.6 

whence p=3q, or the disc, to effect this transfor- 
mation, should be one-third of the diameter of the 
ring. 

To increase frequency, the system of circuits shown 
in Figure 9 is preferable. Here, the primary currents 
from the source of supply are taken to both field 
windings, so that in this case the value y becomes 

equal to n ( ), and we have from (2), remem- 

bering that the two rates of rotation must now be added. 



n+n 



{-^)- (=) 



is the transformed frequency, and is one due to the 
sum of the two rates of rotation, field going one way 
and armature the other. 
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Thus, as before, let n = 200, p=24, q=8. 

ihen .\ = 30O-|-20o 1 „ I =600, 

or the frequency in this case will he three times the 
primary rate. 

Figure 10 shows a modified form of the disc 
moior. designed to insure strong magnetic action. 




When the disc is nearly as large as its contain- 
ing ring, one disc will answer the purpose ; but when 
it is less than half the diameter of the ring, two 
diametrically opposite discs, joined by n yoke, should 
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be used, thus making a perfectly closed magnetic 
circuit. 

We evidently have here a comparatively simple 
apparatus, from which almost any desired frequency 
can be derived from a given frequency, while the sys- 
tem is entirely free from revolving brushes or commu- 
tators of any description, three collecting rings being, 
in fact, all that is essential for ordinary transformations 
of voltage, phase and frequency, of which the system 
appears to be a general solution. 

By having a variety of interchangeable motor discs 
of different diameters, a great variety of transfor- 
mations can be made with the same machine. 

I am sure that the analysis given for the deter- 
mination of the transformed values is incomplete, 
inasmuch as it does not take into consideration the 
interactions between the two motor systems, the true 
analysis of which would doubtless prove a very 
intricate problem ; the analysis given is based on the 
assumption that the disc motor runs normally, as if 
it were free and unloaded, and so drives the armature 
above. This will doubtless seldom be the case, and 
the speed of equilibrium to which the apparatus will 
finally settle down will be something in the nature of 
a compromise between the exertions of the two 
machines regarded as independent motor systems. 

The President : Gentlemen, Lieutenant Patten's 
paper is before you for discussion. If there is to be 
no discussion, I will express the thanks of the asso- 
ciation to Lieutenant Patten for the paper that he has 
just presented, and which will be printed in the min- 
utes of the proceedings of this convention in due form. 

I now call upon Mr. Charles F. Scott, of Pitts- 
burgh, Pennsylvania, to read his paper, entitled ** Rota- 
ries for Transforming Alternating into Direct Current." 

Mr. Scott read his paper, as follows: 



ROTARIES FOR TRANSFORMING ALTHR- 
NATING INTO DIRECT CURRENT 



The characteristic of alternating current that gives 
it a high commercial value, is the facility with which 
it may be transformed from one pressure to another. 
It may be economically transmitted at a high pressure 
over distances for which the cost of conductors for 
transmission at low voltages is prohibitive, and then 
transformed to a low pressure at which it may be 
utilized. The alternating current and the direct cur- 
rent find a common field in low-voltage distribution 
for lighting and power, and the direct current alone 
is applicable to electrolytic work and storage batteries. 
The direct-current system only is used for ordinary 
street-railway work, and it possesses certain advantages 
over the alternating current in central stations and 
isolated plants. 

An electric system may combine both the advan- 
tages of the alternating current for transmission and 
the direct current for utilization, if there is a means 
of transforming alternating into direct current. 



MKTHODS OK TRANSFORMATION 

The simplest arrangement of ordinary apparatus 
for transforming from alternating to direct current is 
found in an alternating-current motor driving a direct- 
current dvnamo. The two machines mav be mechan- 
ically connected by belt or otherwise, or the two 
armatures may be mounted upon one shaft and the 



two fields placed upon the same bed plate. In such 
an arrangement, the electrical energy of the alternat- 
ing current is transformed into mechanical energy, 
which is in turn transformed back into electrical 
energy, appearing in the form of direct current. The 
arrangement may be further simplified by using a 
single field and a single armature with two windings 
— one for receiving the alternating current and the 
other for generating the direct current. A further 
simplification is made by uniting the two windings 
into a common winding suitably connected, both to 
collector rings for receiving the alternating current, 
and also to a commutator for delivering the direct 
current. This arrangement constitutes the ordinary 
rotary transformer, rotary converter, or rotary, such as 
has been finding a widening and important practical 
application during the last few years. 

An armature for a rotary may readily be made from 
the armature of a direct-current machine by connect- 
ing collector rings to certain commutator segments, or 
to the points in the winding to which they are con- 
nected. The part of the armature winding between 
two collector rings is continuously changing position 
with reference to the field poles, and is therefore gen- 
erating a continuously changing electromotive force, 
which appears as an alternating electromotive force. 
Such a machine may be operated as a generator, being 
driven by mechanical power, and delivering either 
direct current from the commutator or alternating 
current from the collector rings; or as a motor, receiv- 
ing either direct current or alternating current and 
delivering mechanical power ; or as a motor-generator 
(or rotary), receiving direct current and delivering 
alternating current, or receiving alternating and deliv- 
ering direct current. 
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The ordinary rotary is a combined alternating- 
current motor and direct-current generator. It pos- 
sesses certain characteristics of a motor, others of a 
generator, and still others that result from the com- 
bined action of the two. The characteristics of the 
synchronous motor will be considered in detail then 
those of the direct-current generator, and. finally. 
those of their combination, or a rotary. 



A SYNCHRONOUS MOTOK 

If two similar alternating-current machines be 
driven from the same counter-shaft at the same speed, 
and have the same field charge, they may be con- 
nected together in multiple in the same way that two 
similar direct-current machines running at the same 
speed and with equal field charges may be connected 
in multiple. If the belt be thrown off one of the 
machines, it will run as a motor, receiving its current 
from the other machine. 

A motor that receives current from a supply circuit 
must conform to the characteristics of that circuit. 
A direct-current shunt motor, for example, must run 
under such conditions that the electromotive force of 
its armature is equal to the electromotive force of 
the supply circuit. This means that the speed, the 
field current and the work done must be mutuallv 
adjusted in such a way as to meet these conditions. 
If the field current be reduced, the speed will 
increase ; if the load be increased, the speed will, in 
general, decrease. In like manner, a synchronous 
alternating-current motor must adapt itself to the 
conditions of the circuit, not onlv in electromotive 
force, but also in speed. It must run at a definite 
constant speed that is in a ratio to the speed of the 
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generator determined by the relative number of field 
poles in the two machines. A change in the field 
charge of a synchronous motor cannot be compen- 
sated for by a change in speed as is the case in a 
direct-current motor. 



EFFECT OF VARIATION IN FIELD STRENGTH 

If the field current of the alternating-current 
motor be reduced, there can be no increase in speed, 
and there must necessarily be some other means for 
making the electromotive force of the motor corre- 
spond to that delivered by the generator. If the field 
charge of the motor be decreased, say, twenty per 
cent, it will be found that a very considerable current 
Hows between the generator and the motor, possibly 
equal to the full-load current of the motor. This cur- 
rent is evidently a so-called ** wattless " current, for, 
although it is apparently delivering the energy required 
by the motor at full load, it is actually delivering 
only sufficient energy to run it without load. The 
current flowing is, however, different from the current 
that flows when the motor is loaded under normal 
conditions, as the two currents do not have the same 
time relation to the electromotive force. In a loaded 
motor under normal conditions, the maximum current 
occurs at the time of maximum pressure, and zero cur- 
rent at the time of zero pressure. The position of 
the armature at the time of maximum current is 
shown in Figure i. The armature conductors that 
are shown in black circles are those carrying current 
in one direction, while those shown as open circles 
are carrying current in the opposite direction. The 
armature is in a two-pole field, and the direction of 
the current in the field coils is represented in the 
same way, by dark and light circles. 
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When a motor with a low licld current is con- 
necled with a circuit and receives a heavy armature 
current, this current does not How simultaneously, or 
in phase, with the electromotive force. The maximum 
current occurs when the armature has revolved tbroug;h 
ninety degrees (in which position the electromotive 




force generated is zero). The position of the arma- 
ture at the time of maximum current is shown in 
Figure 2. It will be readily seen that in this position 
all the wires that carry current in one direction are 
on the same side of a line running through the 
middle of the field poles, and that the aimaturc cur- 
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rent is in a position to directly aid the current in 
the field winding in its magnetizing effect, as is 
indicated by the arrows. This is equivalent to 
strengthening the field current. If the field cur- 
rent of the motor be reduced twenty per cent 
and the electromotive force of the circuit remain 




the same, then there will be suflicient cunent through 
the armature to make up for the twenty per cent 
reduction in the ampere turns in the field. In the 
generator, however, the position of the armature coils, 
when this current Hows, is such that it acts against 
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ihe current in the field, thus reducing ihc effective 
magnetization. The position of the conductors at the 
lime of maximum current is shown in Figure 3. in 
which the magnetizing effect of the current in the 
armature is seen to he directly opposed to that in the 
field, if the generainr is lary;e in conipansun with 




F..., 3. 



the size of the motor, the effect may be small; hut if 
Ihe motor be large, it may he considerable. If the 
uvo machines he of the same si/e and the electromo- 
tive force of the gem ra tor is 1.000 volts and that of 
I the motor Soo volts before they are joined, then the 
, resulting elcclroniotive force, when the motor is con- 
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nected to the generator, will be about 900 volts. The 
current flowing through the two armatures will reduce 
the magnetization of the generator by opposing the 
ampere turns of the field, while in the motor the mag- 
netization will be increased as the armature ampere 
turns assist those of the field. If the field current of 
the motor be increased so that its electromotive force 
before connection to the generator is, say, 1.200 volts, 
then a current will flow which demagnetizes the motor 
and magnetizes the generator. If the two machines 
be of equal size, so that a current produces about 
equal effects in the two machines, then the resulting 
pressure will be about 1,100 volts. It is, in fact, pos- 
sible to run a motor without any field charge at all, 
but with an armature current sufficiently large to pro- 
duce all the magnetization required. On the other 
hand, it is also possible to run a motor having a 
charged field from a generator that has no field 
charge. The current in the armature magnetizes the 
generator, while reducing the electromotive force of 
the motor. In this case, the electromotive force at the 
terminals is about half the electromotive force that there 
would be if the generator had its normal field charge. 
When a motor is running with load, the current 
that delivers energy to it is in phase with the electro- 
motive force, and produces only a slight effect upon 
the magnetizations and electromotive forces of the 
machines. When a motor is carrying load, the current 
to it increases if the field charge be too high or too 
low, as the electromotive force of the motor must be 
made equal to that of the circuit by an additional 
magnetizing current in the armature if the field 
current is not properly adjusted. These conditions 
are illustrated by the relative directions of the arrows 
in the first three figures. 
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In the illustration that has just been cited, it has 
been assumed that there is little or no resistance in 
the circuit joining the generator and motor. If. how- 
ever, there is a considerable resistance in the circuit 
between the two machines, then the electromotive 
forces on their terminals will, in general, not be the 
same ; that of the motor will usually be lower than 
that of the generator, as it is in direct-current cir- 
cuits. It is possible, however, if there be inductive 
resistance in the circuit between the two machines, 
and if the field charge of the motor be increased, to 
make the electromotive force at the motor terminals 
equal to or greater than that at the generator. If the 
field current of the motor be increased as it is loaded, 
the electromotive force at the motor may be maintained 
constant at all loads or may be increased as the motor 
is loaded. On the other hand, if the field current of 
the motor be too low, there may be a greatly increased 
drop in generator and in transmission circuits. There 
is always a certain definite motor-field charge with 
which the motor will carry its load with a mini- 
mum current. Any variation in the field charge 
increases the current required by the motor, and this 
current, although it may be useful for regulating the 
electromotive force, causes increased heating and losses 
in the armature, and usually in the transmission circuits 
also. 

KKFECT OF VARIATION IN WAVE FORM 

The electromotive force of a svnchronous motor 
must be adapted to that of the circuit, not only in 
its average intensity, but also in its wave form. Two 
alternating-current machines may give equal electro- 
motive forces of, say, i,ooo volts effective, although 
one has a ma.ximum electromotive force of 1,410 volts 



372 

and the other of only 1,290 volts. At some other 
part of the wave, say. when the electromotive force 
of the first machine is 700 volts, that of the second 
machine may be greater, or 800 volts. The result is 
that at some instants the first machine would have an 
electromotive force over 100 volts higher than the 
second machine, and at other times the second machine 
would have an electromotive force higher than the 
first. If two such machines be run in synchronism, 
either both as generators, or one as a generator and 
the other as a motor, the difference between their 
electromotive forces at different times during each 
alternation gives an electromotive force for sending a 
current back and forth between the armatures. This 
electromotive force is one of a higher frequency than 
the normal frequency of the circuit— usually of three 
or five times its frequency — and it evidently cannot 
be avoided by changes in the field charges of the 
machines. This high-frequency current causes extra 
heating in armatures and transmission circuits, it reduces 
output, it causes increased drop and it contributes to 
'* pumping." 

The figures used in the foregoing example are 
taken from the published curve of the Niagara 
generators and the sinusoid. The result indicates what 
may be expected if a machine whose electromotive 
force wave is a sinusoid be connected with the 
Niagara circuits. This is illustrated in Figure 4, which 
shows the Niagara wave, the sinusoid and their 
difference, or the electromotive force which would 
send an idle current through the circuits. This is 
equal to about ten per cent of the normal electro- 
motive force of the circuit. 
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EKKECT OK VARIATION IN Sl-KEI) 

It has been stnted that the speeds of two machines 
that are run in synchronism is definitely fixed by their 
relative number of field poles. It is, however, not 
onlv essential that the two armatures make the same 
number of revolutions per minute, but that they be 
at the same speed at all times. If a generator that is 
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driven by an en};[iiie in which the speed varies in dif- 
ferent parts of a revolution be connected in multiple 
with a second machine which is provided with a very 
heavy fly-wheel, so that it runs at practically uniform 
speed, then the i>bascs of the two machines will at 
times be coincident, and at other limes one machine 
mav be in advance of or behind the other machine. 
The effect that a given difference of speed makes 
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upon the electric system depends largely upon the 
number of poles of the alternators. The variation in 
speed may be such that one armature is at times one 
one-hundredth of a revolution in advance and sometimes 
one one-hundredth of a revolution behind a second 
armature. If the machines have one hundred poles, 
then the electromotive force of the armature, which at 
one instant agreed in phase with the other, will, at 
the next instant, be of exactly the wrong phase, and 
a heavy current will flow through the armatures. If. 
however, the alternators be two-pole machines, then an 
advance of only one one-hundredth of a revolution of 
one armature ahead of the other will cause so trifling 
a difference in electromotive forces as to produce little 
or no appreciable effect. 

A synchronous motor, especially if it is running at 
light load, tends to run at a uniform speed, as the 
revolving elements act as a fly-wheel. If the gener- 
ator speed fluctuates, the electromotive force will some- 
times be in advance and sometimes behind that of 
the motor, and the difference between the tw^o will 
cause the current between the machines to fluctuate 
in strength, having its minimum when the electromo- 
tive forces of the two machines are directly opposite 
in phase, and a maximum when there is the greatest 
variation of this condition. 



I'UMPINC; OK MOTORS 

A synchronous motor that is connected to a circuit 
on which the conditions are fluctuating, tends to 
" pump," that is, the armature runs sometimes a little 
faster and sometimes a little slower than the gener- 
ator, which usually causes a beating sound in the 
motor. This '* pumping "or ** hunting" action usually 
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results from some irregularity in the circuit by which 
the motor is supplied. This irregularity may be 
caused by variation either in speed or in electromotive 
force. 

X'ariation in the speed of a generator tends to 
cause a corresponding variation in the speed of 
a synchronous motor. The motor cannot assume 
instantly the speed required by the new speed of the 
generator. When this increases, then the motor arma- 
ture begins to increase in speed, but lags slightly. 
At this time the motor receives an increased current, 
because its armature is not in the normal position for 
the new frequency and because additional current is 
required for supplying the energy necessary for increas- 
ing the speed. The additional current produces a 
difference in the magnetization of the tield, which 
must again be altered when the generator speed 
decreases below the average. The motor is therefore 
undergoing a slight variation in speed which does not 
exactly correspond to that of the generator, and it is 
undergoing changes in its magnetic field strength 
which cause it to receive from the circuit a Huctuat- 
ing current, and this may in turn affect the electro- 
motive force upon the circuit. The motor armature 
at certain times receives more than its average amount 
of energy from the circuit, and at other times may 
even return energy to the circuit. The electromotive 
force of the circuit is dependent, not upon the gener- 
ator only, but upon the combined action of the gen- 
erator and the motor, and the fluctuating current to 
the motor may produce a fluctuation in the electro- 
motive force of the circuit. A fluctuating electro- 
motive force upon a circuit, such as would cause a 
flickering or varying light in an incandescent lamp, 
will cause a motor to take an additional current. 
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either lagging or leading, at each variation. This, in 
general, tends to cause the motor armature to take a 
new position adapted to the electromotive force 
received at each instant, and therefore causes a vary- 
ing or '* pumping" action in the armature of the 
motor. Pumping may therefore be caused by variable 
speed in the generator or in other motors, or by 
variable electromotive force produced by the irregular 
action of the generator or of other motors. 

TOkOUK AT LOW Sl'EEDS 

A synchronous motor possesses but little torque 
at any speed except the synchronous speed. In gen- 
eral, it cannot be started except by the use of some 
auxiliary apparatus or at the expenditure of a heavy 
current in proportion to the torque developed. It 
must be connected to the circuit or ** synchronized " 
when it has attained exactly the proper speed, when 
the electromotive force is equal to that of the circuit 
and has the right phase relation. When it is slightly 
below synchronism, its torque is greatly reduced. A 
momentary overload upon the motor may cause it to 
drop from synchronism. If the generator speed sud- 
denly increase, as may be the case if a part of the 
■ load be thrown off a poorly regulated water-wheel, 
then, also, a synchronous motor which may remain 
upon the system must increase in speed almost 
instantly, which may be beyond the limit of the 
motor if it already be carrying normal load. 

KKSUMK OK CHAKA( TEKISTKS OF A SVNCHKONOrs 

MOTOU. 

Among the characteristics of a synchronous motor 
that have a direct bearing upon its practical operation 
arc the following : 

An ordinary synchronous machine has small start- 
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inir torque, and requires either a heavy starting cur- 
rent or is started by auxiliary apparatus. A consider- 
able amount of switchboard apparatus is required, and 
care must be used in connecting the machine to the 
circuit. 

If there be a sudden increase in the generator 
*^peed, a synchronous motor may not be able to 
increase its speed (juickly enough to prevent dropping 
from synchronism. The generator speed must lie 
fairly uniform throughout each revolution, in order to 
prevent fluctuation in current, and pumping of syn- 
chronous motors. 

If the electromotive force of the circuit be moment- 
arily lowered {t\g,. by connecting a motor to the cir- 
cuit when it is not in phase, or by overloading a 
motor and causing it to drop from synchronism, thus 
[iroducing a heavy current), or if the electromotive 
force be cut off the circuit momentarily (e*. ^.. by 
switching the circuit from one dynamo to another), 
the svnchronous motor may lofie synchronism, and 
^top. 

The field strength of the synchronous motor must 
be adapted to produce an electromotive force fairlv 
appro.ximating that of the circuit, or there may be an 
excessive current either leading or lagging. A lagging 
current produces a greatly increased drop in electro- 
motive force in generator and transmission circuits. A 
leading current reduces drop in electromotive force, and 
neutralizes lagging current ; if a synchronous motor and 
an induction motor be supplied by the same line, the 
leading current to one may neutralize the lagging 
current to the other, so that the line carries onlv the 
current necessary for transmitting energy to the 
motors. 

The svnchronous motor must have a wave form 
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A ROTARY 

In the early part of this paper, a machine was 
mentioned in which there were two windings ; one 
for receiving alternating current for deriving energy 
as a motor, and the other for delivering direct current 
as a generator. If this armature has the same num- 
ber of turns in the two windings, so that each 
alternating-current wire has a corresponding direct- 
current wire near it, we may examine the current 
flowing in the two wires at different times during the 
revolution of the armature, and then, by combining 
these currents, determine the current that would flow 
if the two windings were connected together, or if 
the two currents were flowing in one winding. At a 
given instant, a wire may be said to have two currents 
flowing in it ; one due to the alternating circuit, and 
the other in connection with the direct-current circuit. 
The resulting or actual current will be the sum or 
difference of these two currents; the sum, if thev 
flow in the same direction, and the difference, if in 
opposite directions. By determining the current that 
will flow in the successive positions of the armature 
during a revolution, we may compare the effect of 
the resulting current with that of the direct current 
alone, both in heating the armature conductors and in 
the effect upon the commutation. 



AI/rEKNATING CUKRKNT IN A ROTARY 

An alternating current varies from zero to a max- 
imum, having a particular value for each successive 
position in a revolution of the armature. In an arma- 
ture revolving in a two-pole field, the current strengths 
for a number of positions of the armature are shown 
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in the accompanying Figure 5. The strength of cur- 
rent in the wires on the surface of the armature is 
indicated by the thickness of the circles representing 
the armature. The shaded portion indicates that the 
current is Hovving in one direction, and the light portion, 
that the current is Howing in the opposite direction. 
The terminals are represented by black dots within the 
inner circle. The armature is assumed to be between 
two field poles, one directly above and the other directly 
below it; similar to those in Figure i. The upper 
circle in the figure represents the armature in the posi- 
tion of zero electromotive force, and of zero current, 
also, when the electromotive force and current are of 
the same phase. The second circle shows the condi- 
tion when the armature is moved through one-quarter 
of a right angle, or twenty-two and one-half degrees. 
The electromotive force and current are now thirtv- 
eight per cent of the maximum that will be reached, 
and thev are in one direction in the shaded section of 
the diagram, and in the opposite direction in the 
other half. The next circle shows the forty-five-degree 
position, in which the strength of the current is 
seventy-one per cent, and the fourth circle shows the 
condition when the next arc has been passed and the 
value is ninety-two per cent of its maximum. The 
fifth circle shows the ninety-degree position, in which 
electromotive force and current have reached the max- 
imum values. This circle represents the same condi- 
tion that is shown in Figure i ; the half of the arma- 
ture nearest one pole is carrying current in one direction, 
while that nearest the other pole is carrying curient in 
the opposite direction. A vertical line passing through 
the centre of the poles and the armature is seen to have 
an equal quantity of positive and of negative armature 
current on each side. As the result, the armature 
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currents do not have any effect in increasing or 
diminishinjr the mas^netization of the fields. The con- 
ditions for the next (juarler of a revolution are given 
in the lower circles, and the conditions in subsequent 
positions are simply a recurrence of the cycle that is 
shown in the nine circles given. 

In a two-phase machine, the two electromotive 
forces are exactly similar, except that one occurs 
ninety degrees, or a quarter of a revolution, later than 
the other. The connections to the armature winding 
are exactly similar, except that one is made at a point 
ninety degrees from the other. The electromotive 
force and current in the second circuit are therefore 
identical with those that were in the first circuit a 
(juarter of a revolution before. Diagrams for the 
second circuit are given in Figure 6. A comparison 
of Figu«*;! 5 and Figure 6 shows that the current in 
one is maximum when that in the other is zero. 

If both circuits be derived from the same winding, 
then the two currents tend to How in the same wires, 
and the actual current flowing is the resultant of the 
two. It will be the sum when the two currents are flow- 
ing in the same direction, and the difference when ihey 
are flowing in opposite directions. Combining Figures 
5 and 6 in this way. Figure 7 is derived. The upper 
circle is seen to correspond exactly to that in Figure 
6. as there is no current in Figure 5 at this time. 
The condition obtained* at each (juarter-revolution is 
the same, and is shown bv the first, fifth and ninth 
circles. The current in the intermediate positions is 
seen to be different in different sections of the arma- 
ture winding. In the forty-five-degree position, there 
are two quarters of the armature that have no current. 
It will be observed that the area in Figure 7 is con- 
siderablv less than the sum of the areas in the two 



figures representing the component currents. If the 
current in the armature wires of Figure 5 and of 
Figure 6 is represented by i in each case, then 
the current in the armature, when both circuits supply 
their currents from one winding, as in Figure 7. will 
not be equal to the sum of the two, or 2, but will 
be equal to 1.4. 

A vertical line drawn through the nine circles in 
each of the three figures shows an equal area of 
shaded section and an equal area of light section on 
each side, so that there is no resultant effect on the 
magnetization of the fields. 



DIRECT CURKKNT IN A ROTARY 

The current in the armature of a direct-current 
machine, in which the brushes are set in the neutral 
position, having no lead, is shown in Figure 8. It 
will be noted that the current in all parts of the 
armature is of the same strength, and that the current 
occupies the same position with respect to the field 
poles, regardless of the angular position of any par- 
ticular armature conductor. An armature that carries 
both the alternating current and the direct current in 
the same winding, will have a reiultant current which 
is the sum of the two in those conductors in which 
the currents tend to flow in the same direction, and 
is the difference where the currents tend to flow 
in opposite directions. The successive circles in 
Figure 7 (which represent the current in a two- 
phase, alternating-current motor) and in Figure 8 
(which represent the current in a direct-current 
dynamo) are combined to give the corresponding 
circles in Figure 9, which therefore represent the 
actual current in the armature conductors of a rotarv 
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transformer in successive positions. It will be observed 
that in the first position there is no current in the 
armature. In this position, one of the alternating- 
current circuits is delivering no current, t-fnd the other 
IS delivering its maximum current. The latter circuit 
is at this moment connected to those commutator 
bars on which the direct-current brushes are making 
contact, so that the current passes directly from the 
alternating-current circuit to the direct-current circuit, 
without traversing the ai^mature winding. The same 
condition prevails when the armature has moved 
through ninety degrees, and the commutator bars to 
which the second circuit is connected have come 
under the direct-current brusiies and the current in 
this alternating circuit has reached its maximum 
value. The continuous strength of the direct current 
is just equal to the maximum value of the alternating 
current. In intermediate positions of the armature, 
the current varies* through a considerable range, as is 
indicated by the intermediate circles. The figures 
clearlv indicate that the current in the armature con- 
ductors is less when the machine is used as a rotary 
transformer than it is when used as a direct-current 
generator. The armature can deliver about sixty per 
cent more direct current, with the same heating effect, 
as a rotarv transformer than it can as a direct-current 
generator. An inspection of the circles in the tigure 
representing the rotary shows that the current in the 
armature conductors that are directly in front of the 
field poles — that is. on the upper and lower portions 
of the circles — is very much less than it is in the 
figure representing the direct-current generator. As a 
conse(|uence, the distortion of the field magnetism is 
very much reduced, and the conditions for commuta- 
tion are therefore greatly improved, 

26 
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The loss due to magnetic induction in the teeth of 
an armature depends, other things being equal, upon 
the maximum magnetization. In a machine in which 
the field is very much distorted, being weak at one 
side of the pole and strong at the other, the iron loss 
is much increased over what it would be if there were 
the same total magnetism from the field pole, but 
evenly distributed across the pole face. The losses 
arising from field distortion are very small in the rotary, 
as there is so little distortion. 



THE INDUCTION ROTARY 

It has been stated that if the field current of a 
synchronous machine be reduced, there will be an 
increased armature current which can compensate for 
the decreased field current and maintain a constant 
magnetization. In a suitably-designed machine, the 
field current may be reduced to zei;o, and the whole 
magnetization derived from the armature current. The 
current in this case, as has been shown in Figure 2, 
has its maximum value in quadrature, or ninety degrees 
from the maximum electromotive force. A single- 
phase armature, in which the current is in phase with 
the electromotive force, is represented in Figure 5. 
If the current lag ninety degrees, then the relation of 
currents may be seen in Figure 10, in which the cur- 
rent has its maximum value in a position ninety 
degrees later than that at which the maximum value 
occurs in Figure 5. It will readily be seen that in 
Figure 10 the current represented by the shade^ por- 
tion of the diagram is almost entirely on one side of 
the vertical line, so that the currents in the armature 
are in proper position for magnetizing the field. The 
current in the armature of a two-phase motor which 
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IS magnetized by the armature currents is shown in 
Figure ii. It will be noted that the current is dis- 
tributed in the same way as in Figure 7, which rep- 
resents a two-phase motor in which the currents are 
in phase with the electromotive forces, except that the 
corresponding currents occur when the armature is 
moved through ninety degrees. The position of the 
current in the armature is such that the shaded portion 
lies almost entirelv on one side of the vertical line 
passing through the centre of the shaft and the field 
poles, and consequently is in the most favorable posi- 
tion for magnetizing the fields. If such an induction 
motor be provided with a commutator, direct current 
may be delivered, and the action of the machine will 
be exactlv the same as if it were excited bv current 
in a field winding instead of current in the armature 
winding. For simplicity, we may assume that there 
are two windings on the armature — one for carrying 
the magnetizing current, and the other for receiving 
the alternating current which supplies direct current 
from the commutator, as lias been shown in the 
former figures. When there is but one winding, then 
there is a resultant current in the armature, which 
may be found by combining the current that magnet- 
izes the motor and that which contributes to ihe 
supply of direct current, adding the two when they are 
flowing in the same direction, and taking their differ- 
ence when they are Howing in opposite directions. The 
magnetizing effect must be practically constant at all 
times. The current in phase with the electromotive 
force, which, therefore, supplies energy, which is in turn 
delivered to the direct-current circuit, varies with the 
load. The resultant current therefore varies with the 
load. It will be found that the alternating current to 
the motor, as well as the currents in the armature wind- 



ings, is not equal to the arithmetical sum of the mag- 
netizing current that can be measured at no load and 
the current that is useful in supplying the direct- 
current circuit. The resultant current is less than the 
sum. and the difference becomes greater and greater 
as the motor is loaded. 



EFFECT OF CHANGE OF LEAD 

An interesting and im|)ortant variation is produced 
when the angular position or lead of the direct-cur- 
rent brushes is changed. Omitting for the present 
the lagging or magnetizing current, and considering 
only the current which is in phase with the electromo- 
tive force, and supplies energy for the direct current, 
the distribution of current with no lead is shown in 
Figure 9, and with backward lead of twenty-two and 
one-half degrees, is shbwn in Figure 12. The currents 
in these figures are similar, except in the arcs through 
which the brushes have been moved from their 
neutral position. In Figure 9, it w^as noted that there 
was no magnetizing effect produced in the field by 
. the armature current. In Figure 12, it will be 
observed that the currents in the sections through 
which the brushes have been moved are so located as 
to produce considerable magnetizing effect, as there is 
a current in one direction on one side of the arma- 
ture, and in the other direction on the other side of 
the armature. When the brushes have this position, 
the current in the armature resulting from the cur- 
rents that are in phase with their electromotive forces, 
and which supply the direct current, produces a mag- 
netizing effect which will therefore reduce the amount 
of magnetizing current necessary from other sources. 
In an induction rotary in which the brushes are given 
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a backward lead, this effect can be secured, thus requir- 
injj a less amount of lafjginp: current, or current that 
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is ninety degrees behind its electromotive force, when 
the machine is loaded. If we assume that the mag- 
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netizing current in the armature is flowing in one 
winding and the current for supplying the direct-cur- 
rent circuits in another winding, we shall find that the 
current in the magnetizing winding decreases as the 
machine is loaded. Moreover, this magnetizing cur- 
rent can be varied by varying the lead of the direct- 
current brushes. With the brushes at the no-load or 
neutral position, the magnetizing current would be 
found to be practically constant whatever the load. 
As stated above, if the brushes are given a backward 
lead, the magnetizing current will decrease, while, if 
they are given a forward lead, it will increase. 

This effect is useful in regulating the voltage of 
the direct current delivered by the induction rotary. 
At no load, the lagging or magnetizing current is, as 
is well known, of a character to produce a consider- 
able drop or lowering of voltage in the generator and 
transmission apparatus, and in the rotary itself, espe- 
cially if they have considerable self-induction. The 
drop produced by a lagging current is considerably 
greater than that produced by a non-lagging current 
of the same strength. If, therefore, this lagging com- 
ponent of the current to a rotary be diminished, the 
drop in the alternating-current circuit will be consid- 
erably reduced. This is effected by giving a backward 
lead to the brushes in the manner just explained. As 
the rotary is loaded, the magnetizing current decreases, 
which produces less drop and, therefore, a higher elec- 
tromotive force on the direct-current circuit than there 
would be if the brushes were kept in their neutral 
position. The reduction in the magnetizing current 
also decreases the total current to the rotary when it 
is carrying load, and consequently increases the power 
factor of the system. 

The induction rotary possesses essentially the same 
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characteristics as the rotary with excited field in the 
increase of output that can be obtained from an 
armature of given size over that which can be obtained 
from a direct-current machine. The induction rotarv 
possesses great superiority over the rotary with excited 
field in its facility for adapting itself to the conditions 
of the circuit. A synchronous machine, as has been 
pointed oui, must be adapted to the circuit that sup- 
plies it, in wave form and in electromotive force. A 
'machine with excited fields possesses its own definite 
characteristics, its wave form being dependent on its 
mechanical proportions, and its electromotive force 
being dependent upon its exciting current, which is 
under the adjustment of an operator. Such a machine 
is an independent unit, impressing its own character- 
istics of wave form and electromotive force upon the 
system to which it is connected. 

An induction machine has no characteristic wave 
form or electromotive force. In these respects, it is 
not active, but passive. It receives its magnetizing 
current from the alternating circuit in the same way 
that an ordinarv transformer or converter does. The 
current flows in just sufficient amount to suitably 
magnetize the machine for producing an electromotive 
force that in amount and wave form is exactly adapted 
to the circuit to which it is connected. In these 
regards, the induction rotary possesses the same marked 
advantages over the rotary with excited fields that the 
induction motor possesses over the synchronous motor 
with excited field. 

The induction rotary has sufficient starting torque 
to be self-starting. The rotary with excited field is, 
in general, capable of self-starting, but under conditions 
that are not so favorable to the circuit as the indue 
tion rotary, as the latter requires much less starting 
current. 



When the conditions of speed or electromotive 
force on a circuit are fluctuating, the induction rotary 
is much less liable to be affected than the rotary with 
excited field. The action of the inductii)n rotarv is. 




in a measure, pliable and elastic, which adapts it much 
moie readily to slight changes than its rigid and 
exacting prototype. In fact, in a certain test, a rotary 
transformer of the direct-current field type was so 
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sensitive to variations in the circuit that it could not 
be operated from a commercial circuit, but was able 
to run with perfect steadiness as an inducton rotary 
when its field circuit was open. The machine was 
not properly proportioned for running continuously as 
an induction rotary, as the exciting current was excess- 
ive. This, however, could be modified by making 
slight changes in the design of the machine, adapting 
it for of)eration as an induction rotary. 

I have seen two induction rotaries running in 
multiple, which divided the load in any ratio that was 
desired, depending on the relative lead of the brushes. 
The switch of either machine could be opened, 
throwing double load on the other machine ; and this 
load could, in turn, be throw^n off instantly or thrown 
on instantly without producing any noticeable sparking 
at the brushes. The rotaries were tested at widely 
different electromotive forces and on circuits having 
different wave forms, and showed themselves perfectly 
adapted for meeting a very wide range of conditions. 
The induction rotary is best suited to circuits of a 
low number of alternations, and, except in small sizes, 
is not well adapted for 7,200 alternations or sixty- 
cycle circuits. 

RE(;i L.ATION OF VOI.TACIE 

The electromotive force at the commutator of a 
rotary is related to that of the alternating current at 
the collector rings by a definite and practically con- 
stant ratio. A commutator electromotive force of one 
hundred volts requires an alternating electromotive force 
of seventy to eighty volts, depending upon the wave 
form. A variation of the direct-current voltage, there- 
fore, requires a corresponding variation in the alter- 
nating-current voltage supplied. This may be varied. 
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either by changes in the generator or in the trans- 
mission apparatus between generator and rotary ; or 
it may be made by changes in the rotary itself, either 
increasing the field strength or otherwise. 

(i). The voltage may be varied by varying the 
electromotive force upon the generator, consequently 
increasing the electromotive force throughout the 
system. This is, in general, applicable only when a 
generator supplies one rotary alone. 

(2). The voltage may be varied by changes in 
the ratio of the windings of transformers that are 
placed between the generator and the rotary. This 
regulation may be' done in one of several ways : 

(a). Loops may be brought out from the trans- 
former for supplying voltages differing by steps of, 
say, ten per cent, and the rotary, before being started, 
may be so connected that it receives one of these 
voltages, there being no provision for changing the 
voltage while the rotary is running. 

(b). The lowering transformer which supplies cur- 
rent to the rotary may be made with an adjustable 
or moving secondary, by which the relation between 
the primary and secondary coils is varied, effecting 
gradual changes in the electromotive force delivered 
to the rotary. 

(c). The transformers may be provided with 
many loops connected to a switching device or con- 
troller, by which the electromotive force of each phase 
can be raised or lowered by, say, one-per-cent steps. 
In such a regulator, the circuits may be so arranged 
that one circuit is switched at a time, the rotary being 
operated as single-phase during the instant of switch- 
ing over. 

(3). An auxiliary machine may be placed on the 
shaft of the rotary or be driven by a separate motor. 
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This machine may be excited by the direct current 
from the rotary. Such an auxiliary generator or 
booster will have an electromotive force dependent 
upon its field strength, and may therefore be used 
for increasing the electromotive force as the load 
increases. It may be wound for alternating current 
and increase the electromotive force of the alternating 
circuit before it reaches the rotary, or it may be 
wound as a direct-current machine and add to the 
electromotive force delivered bv the commutator of 
the rotary. 

(4). The field strength of the rotary may be 
increased as the load increases, by compounding it in 
the same wav that an ordinary direct-current machine 
is compounded. A low field charge at light load will 
cause a lagging current to flow, which will cause a 
drop in electromotive force if there be self-induction 
in the circuit. If the field current be increased, the 
laggmg current will become less, and the drop will 
become less. A strong field will increase the electro- 
motive force at the alternating-current end of the 
rotarv above that which the circuit would otherwise 
deliver. This electromotive force may be kept the 
same at full load as it is at no load, or may be 
made to increase so that the alternating electromotive 
force at the rotary is greater at full load than ai no 
load. In this method of operating, the current to 
the motor is usually a lagging or a leading current, 
and involves a power factor less than unity. 

(5). In the induction rotary in which there is no 
direct-current field charge, the brushes may be given a 
backward lead, so that the direct current flowing in 
the armature replaces in magnetizing efi'ect a portion 
of the lagging alternating current that magnetizes the 
machine at no load, and therefore reduces the amount 
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of lagging current supplied to the machine. This 
causes a less drop in generator and transmission cir- 
cuits, so that there may be an increasing electromotive 
force between no load and full load. 



SUMMARY OF CHARACTEIUSTKS OF A ROTARY 

A rotary acts both as an alternating-current motor 
and as a direct-current generator, and has the follow- 
ing characteristics : 

(i). The machine is similar to an ordinary syn- 
chronous motor in its dependence upon the wave form 
and the electromotive force of the circuit to which it 
is connected, and upon the speed of the generator. 
A circuit that is variable in speed or in electromotive 
force may produce an unstable condition in a rotary, 
which tends to produce a mechanical oscillation or 
** pumping" action. This may be so slight as to cause 
no practical inconvenience, or it may be sufficient to 
cause periodic sparking of an injurious amount or a 
fluctuation in the electromotive force delivered, or it 
may be so great as to prevent the mechanical running 
of the machine. 

(2). Rotaries are of two types : the direct-current 
field rotarv and the induction rotarv. The former 
type requires a much more careful adaptation to the 
circuit on which it is to be operated, and is much 
more sensitive and liable to disturbance in its opera- 
tion than the induction rotary, although its successful 
operation in service proves that there is no question 
as to its commercial success. The induction rotary is 
a simpler and cheaper machine to construct and to 
operate ; it possesses many advantages over the first 
type, and can, in general, meet all conditions more 
successfully, e.xcept those requiring considerable com- 
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pounding, especially with variable loads, and for opera- 
tion of large sizes on high-alternation circuits. 

(3). With the same output, the loss in the arma- 
ture conductors of a rotary is less than it is in a 
direct-current machine ; therefore, if the loss be kept 
the same, the output of a machine of given size can 
be increased. In a three-phase rotary, the output can 
be increased about thirty per cent, and in a two-phase 
rotary about sixty per cent, over the output as a 
direct-current machine ; the loss being the same, and 
the efficiency consequently increased. 

(4). The current in the armature of a rotary is 
distributed in such a way that there is little current 
in the conductors in front of the pole faces, 'thus 
avoiding the distortion of the field magnetism that is 
common in direct-current machines. This enables the 
machine to commutate a larger current, and renders 
it less sensitive to changes in lead of the brushes. It 
also reduces the loss in the armature iron. 

(5). The electromotive force delivered by a rotary 
may be varied over a wide range by adjusting the 
electromotive force delivered to it. and it mav be 
varied to a slight extent through proper compounding 
of the field or setting of the brushes. 

(6). The electromotive force for which a rotary 
can be constructed depends upon its frequency ; the 
higher the frequency, the greater the number of poles 
required for a given speed. On a 3.000-alternation 
circuit, a machine will run at 750 revolutions if it has 
four poles, while on a 7.200-alternation circuit, there 
must be ten poles for a speed of 720 revolutions. 
The brushes on one machine rest on the commutator 
at four points, dividing it into quadrants ; while on the 
other machine they divide it into ten parts, so that 
if the commutators be of the same diameter, the 



398 

distance between brushes is much less in the high- 
alternation machine. The number of commutator 
bars, and, consequently, the electromotive force that 
can be commutated. is also less. As the size of the 
commutator is limited by the peripheral speed, it is 
evident that the greater the number of poles, the less 
is the electromotive force for which a machine can be 
built. If the number of alternations remains the same, 
it is not possible to increase the number of commu- 
tator bars by changing the number of poles ; for if 
the number of poles be made half as great, then the 
number of brush-h aiders is correspondingly reduced; 
but the diameter of the commutator must also be 
reduced in the same proportion in order to maintain 
the same peripheral speed. This makes the distance 
between neutral points on the commutator the same 
with the fewer poles that it was with the greater 
number. 

Mr. Clay : Mr. President. I move that the 
thanks of this association be tendered to Mr. Scott 
for his very able, interesting and instructive paper. 

Mr. Aver: I second the motion. 

Carried. 

The President: I declare the motion carried. 
Mr. Scott, I have much pleasure in tendering to you 
the thanks of the association for your paper. 

The President: The next item on the pro- 
gramme is the deferred report of the Committee on 
Standard Candle Power of Incandescent Lamps, Dr. 
Louis Bell, Chairman. 

Mr. Aver : Mr. President, in the absence of 
Ur. Bell, as chairman of the committee, I will read 
the report. 



REPORT OF COMMITTEE ON STANDARD 
CANDLE POWER OF INCANDESCENT 

LAMPS 

The task that vour committee undertook was to 
draw up a suitable specification for a standard incan- 
descent lamp, and to devise a proper method for the 
commercial application of this standard. 

This problem divides itself into the three following 
heads : 

I. The determination of a standard of light and 
the method of applying it under commercial con- 
ditions. 

II. The specification of a direct, simple and rapid 
method bv which the members of this association, and 
other users of incandescent lamps, can apply such a 
standard of light to the testing of commercial incan- 
descent lamps. 

III. The specification of a normal standard of 
luminosity, to which commercial incandescent lamps 
shall adhere. 

The first task was the selection of a primary 
standard of light to serve as the basis of operations, 
proper apparatus, and methods for its utilization for 
the purpose in hand. There are in use as primary 
standards of light a considerable variety of sources of 
light, to wit : Two standard candles — English and 
German ; three standard lamps burning definite sub- 
stances under definite conditions — the Carcel lamp, 
the Harcourt pentane lamp and the Hefner-Alteneck 
amyl-acetate lamp ; one standard gas light — the 
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Methuen, and, finally, the Violle platinum standard- 
one square centimeter of platinum at its point of 
solidification. In addition, there are more or less 
desirable forms of photometer. 

Even assuming a standard light and method, the 
comparison of an incandescent lamp with it may he 
under all sorts of conditions and at all sorts of 
angles. 

In this state of affairs, your committee requested 
the co-operation of the American Institute of Elec- 
trical Engineers, and, through the courtesy of the 
Council, the problem was referred to the Committee 
on Units and Standards. The following determina- 
tions were presented by that body, in which your 
committee, having discussed the matter in joint con- 
ference, concurs : 

A. The Hefner-Alteneck amyl-acetate lamp is 
recommended as the primary standard, it being, on 
the whole, the most reliable and uniform. It pos 
sesses the additional advantages of having been sub- 
jected to most exhaustive tests, to determine its 
behavior under different conditions, and of being 
readilv obtainable in standard form from an author!- 
tative source. 

B. The Lummer-Brodheim photometer screen is 
recommended, as being well suited, from its great sen- 
sitiveness, to exact and refined determinations. 

C. It is recommended that, in testing incandescent 
lamps by these means, the lamps be revolved on a 
central axis at the rate of about two revolutions per 
second. This process gives the mean luminosity in 
the plane of revolution without a multiplicity of meas- 
urements. 

D. It is recommended that, in so far as the con- 
ditions of commercial testing allow, the normal stand- 
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ard incandescent lamp be rated in terms of its mean 
spherical candle power. 

It now became the task of your committee to put 
these recommendations in such concrete form as would 
most directly render them useful to the members of 
this association and others interested in the evervdav 
work of testing lamps. 

For easy and accurate photometric work it is 
highly desirable that the lights compared should be of 
nearly equal color and intensity. The Hefncr-Alteneck 
standard is of about one candle power, and has a 
slight orange cast, so that, while giving very precise 
results in careful hands, it is somewhat inconvenient 
for rapid comparisons. Vour committee therefore 
recommend the use of the Hefner-Alteneck standard 
to prepare secondary standards for commercial use. 
These standards should be incandescent lamps, of uni- 
form shape, construction and character, standardized 
with the greatest attainable exactness, and suitable for 
direct comparison with commercial lamps. In testing 
lamps by these secondary standards, the above-men- 
tioned photometer screen being rather difficult of 
manipulation for rapid work, we recommend a form 
of photometer designed specifically for use in connec- 
tion with a standard method of measurement herein- 
after described. 

To avoid the complication incident to spinning 
both the secondary standard and the lamp being 
tested, we advise placing on the socket of the secondary 
standard a defining mark showing the direction in 
which the directly-given light is exactly equal to the 
mean determined by spinning. By placing this mark 
toward the photometer screen and in the plane of the 
photometer bar. onlv the lamp under test need be 
spun. 

27 
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It is obvious to your committee that the common 
rating of incandescent lamps by their mean horizontal 
candle power is objectionable, and should not be con- 
tinued. In the first place, as incandescent lamps and 
other lights are practically placed, one is invariably 
below them, and hence, if their axes are vertical, 
below the principal plane of illumination. If their 
axes are tilted, we still get the full advantage of but 
a portion of this principal plane. Secondly, it is, 
unfortunately, only too easy to produce lamps in which 
the maximum light is not only in the horizontal plane, 
but which in all other directions give decidedly poor 
illumination. Such lamps are practically of far less 
than their rated candle power. 

The ideal distribution of light would be a uniform 
spherical one, except in so far as the socket might 
prevent. In any ordinary position, such a lamp would 
distribute at least half its light uniformly downward, 
where it would be of most use. In practice, this 
cannot be readily obtained, but it is easy to produce 
a lamp that will give a fairly uniform distribution, at 
least below the plane of the socket when the socket 
is uppermost. 

Rating lamps by mean spherical candle power will 
strongly tend to produce lamps having such a distri- 
bution. The measurement of mean spherical candle 
power is, however, a very troublesome matter, and, 
even under the most favorable circumstances, is a slow 
process, not readily applied to commercial testing. 

Your committee, therefore, cast about for a prac- 
tical method of testing, such as would insure a good 
and useful distribution of light and would be easy to 
apply. In other words, how shall the light of a lamp 
be measured so as to rate it as nearly as practicable 
on its useful distribution of light ? 
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After looking into the distribution of light actually 
given by commercial lamps, your committee believe 
that the light given half way between the vertical and 
horizontal planes forms the best simple criterion avail- 
able. This can readily be measured by rotating the 
lamp socket down, with its axis inclined forty-five 
degrees toward the photometer screen and in the 
plane of the photometer bar. This measurement gives 
a fair mean between the horizontal and the vertical 
illumination, and in most commercial lamps is a toler- 
able approximation to the mean spherical candle 
power. Furthermore, it insures a good downward 
distribution of light, even in a lamp designed to meet 
this particular method of measurement. 

Vour committee is fully aware that no simple 
measurement can truly calculate the effective lumi- 
nosity of all forms of lamp, but, recognizing that in 
the rapid commercial testing of lamps a single simple 
measurement is highly miportant, strongly recommends 
this one as most nearly meeting the necessary con- 
ditions. 

By this process of simplification, we have reduced 
the measurement to be made by the user of incan- 
descent lamps to the comparison of two nearly equal 
and similar lamps, of which only the lamp under test 
has to be revolved. 

Furthermore, in much commercial testing it is not 
necessary accurately to determine the candle power of 
the lamp under test. In most cases it is sufficient to 
determine that it falls within certain definite limits 
prescribed for the normal standard lamp. Hence, it 
will generally not be necessary to make an exact set- 
ting of the photometer screen, but merely to observe 
the conditions existing when the screen is resting 
against stops in two fixed positions, one correspond- 



404 

ing to the minimum permissible candle power of the 
lamp under test, the other to the maximum. 

The actual process of testing would then be as 
follows : 

Having placed the standard lamp in its marked 
position, and adjusted the voltage to its normal value, 
the observer would then place the lamp to be tested 
in its socket and spin it, having first pushed the 
photometer screen against one stop. If the candle 
power was all right on this test, he would pull the 
screen against the other stop and look again. The 
whole process need not take over fifteen to thirty 
seconds, according to the skill of the operator, and 
would show definitely whether or not the lamp fell 
within the standard limits. Your committee will in 
due season place in the hands of the secretary a full 
specification for the making and use of a simple pho- 
tometer, designed to be used in the manner just 
indicated. 

We now reach the third portion of our task, to 
wit., the definition of a normal standard to which 
commercial incandescent lamps should conform. At 
present, there is much confusion on this subject, and 
we feel that it must be reduced to terms at least 
simple and definite. 

It seems to your committee inadvisable at present 
to complicate the situation by introducing consider- 
ations of efficiency, life, and variations of candle 
power with life. Efficiency — the candle power being 
known — is settled at once by the application of a volt- 
meter and ammeter, and the matter of life may 
properly be left to the natural course of competition 
for settlement. Variation of luminosity with time is 
a matter of importance, and, after a general and uni- 
form standard has been promulgated, may properly be 
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considered. For the present, however, your committee 
is of the opinion that attention should he confined to 
the adoption of a standard specification for light 
alone, and the production of suitable apparatus for 
testing the fulfilment of this specification. To this 
end, we believe it best to rate commercial incan- 
descent lamps by the illumination obtained when the 
lamp is spun with its tip inclined forty-five degrees 
from the vertical, toward the line of observation, and 
to specify the rating in candle power, this being the 
most familiar measure of light, and definitely legalized 
in some States. The ratio between the English 
standard candle and the Hefner-Alteneck lamp has 
been accurately determined by several experimenters, 
so that it is easy to pass from the latter to the 
former, thus avoiding extreme unsteadiness when used 
directly. 

As a matter of manufacture it is verv difficult to 
produce a lamp of a j^iven voltage for an exact speci- 
fied candle power. Hence, certain limits must be set 
rather than a certain definite candle power, and these 
limits should be so drawn as to meet the con- 
ditions of manufacture and to insure a reasonablv close 
accordance with the rated intensitv. I'or an incan- 
descent lamp rated at sixteen candle power (oblique 
zonal, as above indicated), fifteen candle power for 
the minimum and seventeen candle power for the 
maximum afford limits fair to all parties concerned, 
and these vour committee recommends. 

As to the method of procuring and distributing 
the secondary standards to l)e used with the photometric 
method already outlined, the following is desirable : 
Incandescent lamps of uniform shapes and in standard 
sockets, with filaments uniform in shape and section, 
in all respects unmarked, should be furnished by 
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the lamp manufacturers to the standardizing committee. 
These lamps should then be properly aged and 
standardized at such voltage as may give precisely 
sixteen candle power with the greatest possible pre- 
cision, marked on the sockets with a reference line, 
numbered, certified and dated. They should then be 
turned over to the secretary for distribution at a price 
covering the cost of standardization and handling. 
Your committee therefore recommends : 

1. That* the standard sixteen-candle-power incan- 
descent lamp shall be a lamp which, when measured 
in rotation at about the rate of i8o revolutions per 
minute, with its axis inclined forty-five degrees, as 
herein specified, shall give not less than fourteen 
and one-half and not more than seventeen and one- 
half candle power, and that every ten lamps shall 
average between fifteen and seventeen candle power. 

2. That your committee shall be empowered to 
make suitable provision, with the consent of the 
executive committee, for the production of the 
secondary standards, and to request the co-operation 
of the American Institute of Electrical Engineers in 
the formation of a non-partisan committee to super- 
vise and certify said lamps. 

3. That the secretary be directed to undertake, 
under the direction of your committee, the procuring 
of lamps for standardization, their distribution when 
standardized, and the preparation and distribution of 
the specifications of your committee for a standard form 
of photometer and a standard method of employing it. 

Respectfully submitted, 

LoLis Bell, Chairman ; 

J AS. I. AVKK, 

L. A. Fkrguson, 

Committee, 
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Mr. Ayer : I will state, in connection with this 
report, that the theory is to have a form of incandes- 
cent lamp specified that may be produced by the 
different manufacturers, so made that it would be with- 
out identification marks, and submitted and sent to 
the secretary ; these to be turned over in bulk to 
some college testing laboratory, where the testing 
process should be under the supervision of this non- 
partisan committee of the association and of the Insti- 
tute of Electrical Engineers. The Institute of Elec- 
trical Engineers was loath to mix up with any com- 
mercial transaction of this kind, but, seeing the 
importance of securing some standard, and knowing 
of the plan and suggestion that was offered whereby 
they could co-operate, they have admitted their will- 
ingness to take part in it in this manner. As to the 
efficiency of the photometer— the arrangement of it — 
it is proposed to make a specification of a photometer, 
which would cost little, which would be handed over 
to different manufacturers, and when made would be 
submitted to this committee for its approval as to 
being mechanically well made and suitable for the pur- 
pose. This puts the central station man in a position 
to have a photometer that can be easily operated by 
any ordinarily intelligent station employe, easily deter- 
mining the initial candle power of the lamps com- 
pared ; and if, later on, he cares to get life tests and 
others, it makes it extremely simple to do so. Half 
a dozen lamps of as many manufacturers, or any num- 
ber of manufacturers, could be placed on the rack in 
the station, subject to these working conditions, at 
intervals of time after the first test, starling at the 
same initial candle power within the limits mentioned, 
and could be compared for life and quality as to the 
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time limit. That is, you can get down ultimately to 
putting the central station man in the position of 
being able to know what the candle-power value of 
his lamps is. (Applause.) 

The President: Gentlemen, you have heard the 
report of this committee. The report is now before 
you for discussion. It is a very important one, and 
should be considered and discussed very carefully, and 
the association can then take whatever action it in its 
wisdom deems best. 

Mr. Gardener: I should like to ask if the report 
has been printed. 

Mr. Aver: It will be a part of the proceedings. 

Mr. Gardener: I move that it be printed and 
sent to the members of the association. I think it is 
a very valuable report, and I should like to study it 
more at leisure. 

Mr. Stetson: I did not catch the idea whether 
the base of the lamp, on forty-five degrees, was the 
orifice or the dome. 

Mr. Aver: The dome would be inclined toward 
the screen, but the centre of the filament would be in 
the vertical axis ; that is, as shown by a plumb bob, 
a line hanging down, getting the definite position of 
the screen or its position for the standard of the 
lamp — the position of the lamp. Nothing will be a 
standard vertical except having a vertical line pass 
through the socket. In this case it would pass 
through the centre of the lamp, which would indicate 
the average of the candle power of the lamp if there 
were two standards actually being compared that were 
both accurate. You would then get a perfect meas- 
urement. It will lean toward it, but it won't lean 
over the line. If it were placed over, we will say, a 
six teen-candle-power or a standard, it would not lean 
over enough to run backward. 
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Mr. Stetson : Vou want the line of sight to run 
through the centre of the strongest illuminant quality 
of the lamp ? 

Mr. Aver: Well, through the point where useful 
illumination is developed, and where we want the 
lamp at its best for commercial purposes. The theory 
is. as everyone realizes, that a lamp gives its most 
valuable results in its lower hemisphere ; the lower 
half of it is what we use for illumination. We do 
not care much about the upper half, up near the 
socket. Now, if the lamps in this test can be 
improved in their illuminating qualities, they doubtless 
will be, so that you will get a stronger and better 
luminosity in the distribution of light in the usual and 
natural positions in which lamps are used than you 
can get with other methods of measurement. 

Mr. Stetson : Vou recommend that the bar sup- 
porting the lamp might have a motion that would 
drop it into the strongest luminous position ? Would 
that be so ? 

Mr. Aver: Not to drop it. If reached, it would 
be a fixed device, having a socket that would be 
spun so that you would revolve it. but at an angle 
of forty-five degrees. If measured horizontally, candle 
power may give you a very false value of a lamp. It 
would show strongest in that position, while in this 
position it would not be so strong, with the same 
lamp, with your arrangement of filaments so as to 
get a fine strength of light in one single position, 
particularly in the horizontal measurement, it would 
not be nearly so effective as lamps that would not 
measure as much in the horizontal plane. 

Mr. Stetson : That will probably be shown in 
the sketches and in the description of the photometer 
contained in the report. 
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Mr. Ayer : Yes; that will be fully set forth, — 
the detail working. It simplifies the method of find- 
ing out what you have and what you use ; and if 
this report meets with your approval, I want some 
member of the association to move that its recom- 
mendations be adopted. The report calls for further 
action on the part of this committee for carrying this 
out. The report is worthless if it is simply accepted 
and filed, because it means nothing so far as it has 
gone. Here is a recommendation of the standard, 
the thing that we were asked last year to do ; and I 
can assure vou there has been a lot of work to it. 
The deductions are all right. They are not oppressive 
to the lamp manufacturers, but they are certain to 
improve the standard quality of lamps, to enable the 
station man to put out the poor lamps, and to 
benefit, probably, the better class of manufacturers, 
because it says, ** We are trying to give you a better 
profit f' and it is the consensus of opinion of the 
representative manufacturers here that this is likely to 
reach that result. 

Mr. Stetson : I should think you were pretty 
liberal toward the lamp people in your arrangement 
of fifteen and one-half to seventeen. I do not wish 
to throw that out as a criticism, because you are very 
much more thoroughly posted than I, but simply in 
the way of discussion of the subject. I know that a 
slight rise in the candle power of a lamp sends up 
your area of useful work, your hour candle-power 
capacity. You want to be careful not to. get it too 
high, because you may have a lamp that will make 
that area yet be a very short lamp. 

Mr. Ixsull: Do 1 understand that you want a 
resolution adopting the recommendations of the com- 
mittee ? Don't you want added to it a continuation 
of the committee, or is this a standing committee? 
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Mk. Aver: I think it is considered a standing 
committee until its duties have been completed. That 
is customary in the association, like our committee 
on rules for wiring, and all that sort of thing. They 
are considered standing committees, I think, and are 
not discharged unless the report completely covers the 
work. 

Mr. Insui.l: I move a resolution that the report 
of the committee be accepted, and that their recom- 
mendations be adopted by the association, and, if 
necessary, that the committee be continued. 

Mr. WiLMERDiNc; : I just want to ask for infor- 
mation, — from mv recollection, when this committee 
was appointed it seems to me that there was a pro- 
vision in the resolution that the Society of Electrical 
Engineers should also be consulted. 

Mr. Avkr: The report calls for that; that is part 
of the whole scheme. 

Mr. Wii.mkrding : Do I understand that they 
concur in the report ? 

Mr. Avkr: Well, not in our report, but they 
make recommendations, upon which this report is 
based, as to determining the standard. They have 
fi.xed it, and we have made the report in accordance 
with their suggestion for a primary standard. 

Mr. RnoTEHAMKi. : I understood that the object 
of this resolution was to get at some standard light, 
and that was to be about the extent of the present 
provision ; so that when a si.xteen-candle-power lamp 
was ordered from any of the diflferent manufacturers, 
we should have a means of obtaining from the people 
holding the standard, a standard from which we were 
to reckon our light. I have not heard all of the 
discussion, and I do not know whether the report 
goes further in regard to the incandescent. 
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The President : Mr. Rhotehamel, I am sorry 

you did not hear the discussion, but I must inform 

you that there is a motion before the chair that the 

report be received and adopted and the committee 

continued, so that you will have to speak to the 

resolution. 

Mr. Seelv : Before that motion is put. I should 

like to ask who is paying the expenses of the com- 
mittee ? 

Mr. Aver: It is under the supervision of the 
executive committee of the association. They levy 
and control it, as has been customary with all similar 
work. I will state for Mr. Seely's benefit that there 
is no opportunity here for any expense that is material. 

The President : Does any other member wish 
to speak to the resolution ? You have heard the 
resolution. Is it your pleasure that the motion be 
declared carried ? All in favor say aye. Contrary. 

I declare the motion carried. 

The President: Is there any other business to 
come before the regular convention before we adjourn 
to meet in executive session ? 

Mr. Seelv : I move that the secretary be 
instructed to prepare a set of resolutions for the 
retiring president, as is customary in our association. 

Mr. VVilmerding: I second the motion. 

(Mr. Ayer in the chair.) 

The chairman put the question, and it was deter- 
mined in the affirmative. 

(President Nicholls in the chair.) 

The President: Is there any other business to 
come before the regular convention ? 

Mr. Inslll: 1 am under the impression that the 
record does not show a vote of thanks to Mr. White 
for his paper yesterday. It may be that I was not 
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paying particular attention when it passed, but that is 
my impression. 

The President: I am under the impression, Mr. 
Insull, that it was passed. At all events. I think the 
point is well taken. If there was such an oversifrht. 
I think it should be corrected, and that there should 
be a vote of thanks inscribed on the minutes, to 
appear in its regular order in the proceedings of this 
convention. 

Mk. Insi'll: I meant to raise the point yesterday 
afternoon, but forgot it. I do not think the resolu- 
tion was passed. 

The President: Your wish is, sir. to have it 
inscribed on the minutes in its regular order? 

Mr. Insi:ll: Yes; I make a motion to that effect. 

The President: I do not think we need take a 
vote on it at all. It is simply a question of prece- 
dence. 

(The vote of thanks to Mr. White was passed at 
the third session of the convention, having been 
moved by Mr. Ferguson and seconded by Mr. Seely. ) 



COMMITTEE ON AMENDMENTS TO FREIGHT 

CLASSIFICATION OF ELECTRICAL 

APPARATUS AND GOODS 



Mr. Ayer: Mr. President, may I call attention 
to the matter of freight classification ? The freight 
classification on electrical merchandise is out of all 
reason ; that is to sav, there is no discrimination. 
You can ship a dynamo frame with no wire on it, 
just a simple piece of casting, and you have to pay 
freight on it as electrical merchandise at douhle first- 
class classification. Where plants were installed it was 
very common for the manufacturer to sell the goods 
installed. I still think we pay the freight; we are 
the buyers ; and we certainly are all interested — all 
central station men 'are, and other purchasers, as well 
as the manufacturers, in having equitable rates made — 
in having electrical goods properly classified. They 
put all classes now under the highest class. I would 
suggest the appointment of a committee to take this 
matter up with the chairman of the Traffic Associ- 
ation, with a view of revising the freight rates. It is 
a pertinent thing, 1 think, for this association to do. 

The President: Would you appoint a special 
committee, or leave it to the executive committee? 

Mr. Aver: A special committee, I think. The 
executive committee wouldn't attend to it, from mv 
past experience. 

The President: I would suggest that Mr. Ayer 
add this to his resolution : A special committee, to be 
appointed by the incoming president, as the work will 
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be attended to during his regime ; if it is so under- 
stood I will put the motion in that form. 

Mr. Ayer: I should be very glad to amend the 
motion in that way. 

Mr. Skelv : I second the motion. 

TiiK President: It is moved bv Mr. Aver, sec- 
onded by Mr. Seely, that a special committee be 
appointed by the incoming president to take up the 
question of amendments to the freight classification 
on electrical apparatus and goods. Is it your pleasure 
that the motion carry ? 

Carried. 

The Preside.ni: Before v.e adjourn definitely, 
there is one matter that 1 want to bring before mem- 
bers of the association. I want to refer to the great 
loss that the association has met with during the past 
year in the death of our esteemed active members, 
Mr. Harrison J. Smith, of New York, and Mr. J. M. 
Orford. of Boston. Thev were alwavs with us ; thev 
were. I think, in attendance at every convention. We 
knew them as friends ; we admired them as business 
men and as men foremost in their respective callings. 
Although it is not necessary to adopt any formal reso- 
lutions, I thought it not fitting that this meeting 
should close without some reference by the chair to 
the loss that the association has sustained. 

If there is no other business, a- motion to adjourn 
will be in order, and the active members will remain 
for executive session. 

On motion of Mr. Seelv, dulv seconded, the con- 
vention then adjourned to executive session. 



EXECUTIVE SESSION 



The President : The first order of business is the 
report of the secretary and treasurer. Mr. Seely, as 
chairman of the finance committee, practically the 
treasurer, made that report during the opening session. 
Unless he has anything further to add, we ,will con- 
sider that report as already received and adopted. 

Mr. Seely: I have no further report to make, 
Mr. President. 

The President: The next is the report of the 
executive committee. It will not be necessary in this 
case, I think, to make any report, because the interim 
reports that you have received from time to time 
have explained as fully as possible the work that has 
been undertaken by the executive committee during 
the past year. 

The next order is the election of officers. I would 
ask the nominating committee appointed this morning, 
consisting of Mr. Huntley, Mr. Fairbanks and Mr. 
Seely, if they are ready to make their report. 

Mr. Huntley : Mr. President, your committee 
have met, and we beg to submit the following nomi- 
nations : 

For president, Samuel Insull. 

First vice-president, A. M. Young. 

Second vice-president, George R. Stetson. 

For members of executive committee : VV. Worth 
Bean, St. Joseph, Michigan ; W. McLea Walbank, 
Montreal, Canada ; F. A. Gilbert, Boston, Massachu- 
setts ; E. H. Stevens, Elizabeth, New Jersev. 



417 

Mr. Huntley : I move the adoption of the report 
Mr. President. 

Mr. Ayer: I second the motion. 

The President : You have heard the motion by 
the chairman of the committee, seconded by Mr. Ayer, 
for the adoption of the report of the committee on 
nominations. Is it your pleasure that the nominations 
be received and adopted and the gentlemen recom- 
mended for election be hereby declared elected ? All 
in favor say aye ; contrary, if any. 

Carried. 

The President: I declare Mr. Samuel InsuU 
elected president ; Mr. A. M. Young, first vice- 
president ; Mr. George R. Stetson, second vice-presi- 
dent ; Mr. W. Worth Bean, Mr. W. McLea 
Walbank, Mr. F. A. Gilbert and Mr. E. H. Stevens, 
as members of the executive committee ; all elected 
unanimouslv. 

There is one point not referred to by the chairman 
of the committee. Three of the members of the 
executive committee are to hold office for the full 
term ; one member is to be elected for the unexpired 
term of Mr. Young, Mr. Young having been elevated 
to the position of first vice-president. Are the com- 
mittee prepared to amend the report, or to state how 
they intended the matter to be arranged ? I presume 
that the last one mentioned is to fill Mr. Youngs 
unexpired term. 

Mr. Hi'ntley : That matter was not considered; 
in fact, it was an oversight on the part of the com- 
mittee, and inasmuch as at other times the secretary 
has cast the ballot for those who were named for the 
respective years, I would suggest the same course in 
this instance. 

Mr. Seely : It has been customary, Mr. President, 

28 
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that the last named should serve for the unexpired 
term. 

The President : That is the reason I suggested 
this ; I know that has been the rule. Was that your 
intention as a member of the committee? 

Mr. Seely : That was my intention, Mr. Presi- 
dent. 

The President : Mr. Fairbanks, was that your 
intention ? 

Mr. Fairbanks: Yes, sir. 

The President : Can we then consider that that 
was the intention of the committee, and so declare? 
Is it your pleasure that I so declare it ? All in favor, 
say aye ; contrary, if any. 

Carried. 

The President : I declare Mr. Stevens a mem- 
ber of the executive committee to serve for the 
remainder of Mr. A. M. Youngs unexpired term. 

The President : Mr. Insull, I have very much 
pleasure, sir, in inviting you to a seat upon the plat- 
form. I am sure the members would like to hear 
from you. 

Mr. Insull: Mr. President and gentlemen, I 
appreciate very highly the honor you have conferred 
upon me in electing me to occupy the important 
position of President of the National Electric Light 
Association for the ensuing year. I appreciate it the 
more because I am personally acquainted with so few 
of you. All I can say is that I will do my very best 
to serve the interests of the association, and I do not 
think that those interests can be better served than 
by continuing the policy of the Qut-going administra- 
tion under the able presidency of Mr. Nicholls. I 
must say that I feel some hesitation about taking up 
the duties that will fall upon me in having to follow 
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a man who, from long acquaintance, I know has 
great ability and is very aggressive in trying to 
accomplish what he has set himself to do. 

I do not think that you want a long speech from 
me at this time, but I wish you to understand that 
my appreciation is none the less because my remarks 
are short. 

The President : Mr. Young, the chair would 
like to introduce our first vice-president-elect in his 
new capacity. 

Mr. Young: Mr. President, gentlemen, I can 
hardly find words to express the appreciation I feel 
for the honor conferred upon me, and I shall endeavor 
to aid our president in every way I can to increase 
the benefits of this association to ever)' member. 

The President : Mr. Stetson, it is your turn. 

Mr. Stetson : Mr. President and gentlemen, in 
passing the table to-day at which were seated the 
committee chosen to nominate your officers, I was 
called to one side and the chairman informed me 
that I had been placed in nomination for this position. 
I told him it reminded me very much of the story 
of the man in Colorado who was tried for murder, 
and after the jury had been out for ten minutes, a 
man stuck his head in at the window, and said they 
didn't want to hurry the jury, but they would be 
pleased to have the room to lay out the corpse in. 
It seems to me that my election to this position is 
an honor that I had no right to expect. While I 
am very much interested, and while I suppose there 
is not a man in this country that more admires the 
intellectually ability of the gentlemen that are repre- 
sented in this cause, at the same time it seems to me 
that this must be considered as an honor conferred 
upon me such as I can expect in the natural course 
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appreciate it very fully. 

The President : Gentlemen, is there anv other 
business to come before the meeting in executive 
session ? 

Before a motion to adjourn is made, in retiring 
publicly from the position of president of the associ- 
ation, I wish to extend my thanks to the officers of 
the association for the way in which they have aided 
me in my efforts during the past year. I also wish 
to thank most sincerely and heartily the members that 
have been present at the convention for their regular 
attendance at the meetings, for the orderly way in 
which the meetings have been conducted, and for the 
hearty manner in which they have shown their appre- 
ciation of whatever efforts I have been able to make 
as your presiding officer. I also wish to thank the 
gentlemen who, at the sacrifice of a great deal of time 
(because I know what time it takes), have prepared 
for us the several interesting papers that have been 
submitted at this convention. In fact, they have been 
so interesting that I regret that the convention is not 
to remain at least one day longer in session, so that 
each of the papers could receive the discussion that 
it deserves and which would be edifying to everyone 
present. In retiring from the position to which you 
elected me, I wish to thank you all again very heartily. 

A motion to adjourn will be in order. 

On motion the convention then adjourned. 



APPENDIX 




THE DAYLIGHT WORK OF CENTRAL 
STATIONS. 

BV T. COMMERKORD MARTIN. 



The development of the central station industry 
has been, in some respects, a disappointment. We 
have now had nearly twenty years of central station 
work in this country, and have witnessed an enormous 
growth in that period within the field of work covered 
by this organization, but it is apparently as true 
to-day as when the association was formed, that the 
companies restrict themselves injuriously in their 
natural and logical advance by remaining mere 
lighting corporations. What would happen to us 
all if some new lighting medium came into vogue 
that deprived us of our illuminating business entirely? 
If we had to fall back on daylight work, might we 
not he belter off ? 

That question suggests an extreme view of a 
rather impossible situation, the fact being that elec- 
tricity, as an illuminant, gains steadily in public esti- 
mation, and has. at this moment, no new rival within 
speaking distance. But there is vital importance in 
the opinion of a local company as to whether it 
exists only to furnish light, or, on the other hand, to 
supply current for a variety of uses, new and old. 
My own opinion, modestly expressed, is that the 
intrinsic value of a company rises just in proportion 
,is it gets off the lighting basis and builds itself 
up on that of current ; jusE in proportion as it 
ceases to limit its activities by a moonlight schedule, 
and, like the British drum-beat, chases the sun with 
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an insatiable, twenty-four desire for more territory 
and moriB trade. 

A brief retrospect will not be out of place, if 
followed by a study of the present situation. It is 
as well not to go back further than 1886, for, 
although arc lighting is a full decade older than that, 
the industry ten years ago took its great leap forward. 
A careful investigation shows that, in 1886, there 
were about 410 central stations in this country. Of 
these, only 300 furnish available statistics, and it would 
appear that 226 of the companies were then only 
doing a night arc lighting business. It is safe to 
assume that all the companies which did not report 
were in the same category as the 226; so that, out 
of the 410 local companies, some 325 were doing 
business only between dusk and daylight, and were 
standing idle all the rest of the time. In other 
words, taking the year through, they were idle nearly 
two-thirds of the day, if the average running be taken 
at 3,000 hours a year. 

To what degree have these conditions been improved 
in the ten years? This is an extremely difficult ques- 
tion to answer, but a few tentative figures may be 
acceptable as a basis for study and discussion. At 
the close of 1896 there were about 2,400 central sta- 
tions in operation in this country, so that in ten years 
the number had increased sixfold, a gain that is simply 
stupendous. Of these 2,400, however, 975 had, from 
the figures obtainable, no day circuits, and 220 others 
had only arc apparatus, so that 1,195 local companies, 
by their own admission, were limited to night work. 
The case is not, however, so encouraging as might be 
implied from these figures. Of the remaining 1,200 
companies, only 327 report day circuits, and if it is safe 
to assume that half of the 900 corppanies and plants not 



giving these details were without day circuits, it would 
appear that, out of 2.400 local plants, at least 1,500 are 
limited to the night huurs for their earning capacity. 
It must be noted, however, that nearly all the 900 
companies not specifying day circuits are operating 
incandescent circuits, very largely with the alternating 
current, so that the means for day operation are gener- 
ally there under more or less favorahle conditions. 

It is obvious at once that an immense amount of 
capital and machinery is standing idle that might other* 
wise be productive of profit and dividends. Of the 1,200 
companies confessing that they have no day circuits, only 
some 780 give their figures of capital and generating 
capacity in steam or water. It would appear that these 
plants, with a moderate capitalization of $46,908,000. 
and with an engine and water-wheel capacity of 164,- 
000 horse-power, are standing idle two-third.s of the 
day and often a great deal longer. 

Such figures arc given broadly, and may be a little 
inaccurate in precise detail, but it is the mere fact 
that is so striking. It is obvious that these figures 
apply to the great bulk of small stations. And yet 
some of them are certainly not small. At least si,\iy-five 
or seventy of them have each a capacity of 500 horse- 
power and upwards, and several of them are legiti- 
mately capitalized at above a million dollars each. A 
company of such size ten years ago was rare and 
exceptional, and would have been dilVicult to start, 
except on the general hypothesis that its business 
would include something beyond simple street illumi- 
nation, with a little house lighting thrown in. It may 
be doubted whether capital of any magnitude could 
be enlisted to-day for a companv that had no ideas 
beyond ordinary lighting work. 

Without presenting this state of affairs as a cause 
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for alarm, or intending to imply that a business is 
necessarily on a bad basis because limited to a few 
hours, it is not improper to inquire whether there is 
no chance for improvement. It can not be said that 
local lighting companies have become notorious, like 
some gas companies, for paying large dividends ; so 
that a slight amelioration of financial condition niight 
not be objected to. Even trolley roads, running every 
hour of the day, find it difficult, sometimes, to make 
ends meet, but they have the satisfaction of a con- 
tinuous use of their plant and of knowing that they 
get all the business that offers. If there is any 
sufficient reason why a local lighting company should 
operate its generating machinery fewer hours than a 
trolley road, it has not made itself specially manifest, 
except in one direction, which will be briefly referred 
to in a later paragraph. I believe every gas company 
is on a twenty-four-hour basis of supply. 

If the stationary motor work, whose claims I 
ventured to urge on this association eleven years ago, 
had been left to the local lighting companies, I fear it 
would not have made much headway. The 327 and 
other companies with day circuits do an enormous amount 
of power work, but a careful analysis of somewhat 
incomplete data would lead one to believe that the 
isolated plants are the real backbone of the electric 
power industry to-day. Why this should be so, it is 
difficult to explain, except on the hypothesis that 
station current, when obtainable, often costs too 
much, and is generally not obtainable. It will, I trust, 
be understood that this paper is not offered in any 
wise as a criticism of central station management, but 
simply a presentation of the puzzling facts that con- 
front students of the situation. No one can know 
the inwardness of the problem so well as the central 
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Station manager himself, and no one can be more deeply 
interested than he in dealing with it wisely and well. 

It might be said that, in a general survey, four 
new factors have presented themselves in the last ten 
years for the consideration and approval of the central 
station manager. These are motors, alternating- 
current supply, storage batteries and electric heating. 
The alternating current is, for most stations, still 
restricted to night-work, and will be, probably, until 
more single-phase motors of successful character are 
on the market. This form of current has given such 
a tremendous stimulus to lighting that it deserves a 
wider range of usefulness, so that, in time, alternating- 
current stations may compete with direct-current 
stations as earners of dividend. 

Allusion has already been made incidentally to 
motor work. What is possible in this direction is 
best judged from what the large stations do. Of 
course, this is in some respects an erroneous guide, 
but in the same manner as great men are exemplars 
for those of less heroic bulk, so the large stations 
indicate the actual possibilities, even for a lower plane 
of execution. The following are figures of a large 
western central station, showing the horse-power of 
motors connected to the circuits, and the percentage 
that the power consumption bears to the total output. 
The data come down to March 31, 1897. 

LOW TENSION. 

Power connected April 24, 1897 5.396 horse-power. 

Power per cent, of the total output 23.1 per cent. 

HIGH TENSION. 

Five hundred-volt power connected April 24. 1897. .. .1.566 horse-power. 
Power per cent, of high-tension output 21.4 per cent. 

ALL SYSTEMS. 

Power connected April 24, 1897 6.962 horse- power. 

Power per cent, of the total switchboard output 22.8 per cent 
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Another example is 16 be found nearer home, in 
the work of the New York Edison company. The 
motors to which that company supplied current from 
its distributing mains represented, on January i, 
1896, a total installation of 11,640 horsepower. On 
January i, 1897, the motors connected were the 
equivalent of 15,930 horse-power, an increase • of 
motors connected in a single year of 4,290 horse- 
power, or thirty-six per cent. This does not include 
an installation equivialent to 1,142 horse-power in 
motors, to which current is supplied from- the New 
York Edison stations during minimum hours, or for 
emergency .and break-down connections. It will be 
seen that this brings the total horse-power in .motors 
connected to the company's mains up to. 17,072 
horse-power. The average size of these motors is 
from three and one-half to four horse-powen Of the 
total motors connected it is estimated that about 
•5,000 horse-power, equivalent, is installed in con- 
nection with direct electric elevators and grip hoists. 

In order that the idea should not go abroad that 
the big companies are monopolizing the power busi- 
ness, but that it is open to all, I would mention 
that in Massachusetts, where there is only one large city, 
no fewer than eight companies out of fifty-eight are sup- 
plying power from their arc circuits ; eighteen from 
incandescent circuits, and twenty-nine from independent 
power circuits; the total being about 14,000 horse- 
power of motors on the circuits. The asking rate for 
kilowatt hour averages about twenty cents, but runs 
down as low as ten cents. 

Turning next to storage batteries, it is not my 
intention to agitate old discussions, but simply to give 
a few figures, which would go to show that the bat- 
teries may do more than perform the Alpine feat of 
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taking care of the peak of the load. There are at 
the present time in America — I blush to give the 
figures — only fifteen central stations using batteries, 
with a total capacity of 25,000 horse-power hours 
output. Four other stations are being equipped. I 
hope devoutly that some future chronicler will be 
able to report that 1,500 stations are equipped with 
batteries, and that by their reservoir capacity they 
have answered in the affirmative the question whether 
their life was worth living. What batteries can do is 
best exemplified by the Duane street station of the 
New York Edison company, one of the biggest sta- 
tions in the world, with an engine and generator 
capacity of 20.000 horse-power. The load during 
minimum hours, I am told by Mr. J. W. Lieb, Jr., 
the general manager of the company, is such that 
it can be supplied in that period from the storage 
battery annex at the Bowling Green Building in 
the southern tip of the tongue of Manhattan 
Island ; or from the storage battery plant at the 
Twelfth street station, either alone or in conjunc- 
tion with current supplied from the Twenty-sixth 
street station over the feeder tie lines. The supply 
of stored current from the batteries in the annex 
stations during the minimum hours enables the big 
Duane street station to be shut down every night 
from 10.30 p. m. to 5 a. m. — nearly seven hours; and 
on Sunday the operation of the generating machinery 
at Duane street is limited to one watch. I do not 
hold a brief for storage batteries, but in view of 
such facts it is hardly possible to do other than 
press their claims on the attention of central station 
managers. 

A word in conclusion as to electric heating. 
When I hazarded, eleven years ago, before this 
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body the expression of an opinion that motors 
ought to be pushed, it was regarded in many 
quarters as premature and visionary. From a con- 
servative standpoint, it was so undoubtedly ; but 
in everything success is not to be gauged by the 
point you are at. The real test is the way you are 
going ; and if the tendency is right, all else that is 
desirable comes in due time. Now, in central station 
work, we can and must recognize but one tendency 
as the underlying and ultimate ; namely, to increase 
the demand for current, and whatever does that is to 
be welcomed. To-day, electric heating, using that 
term in its generic sense to cover a variety of uses 
and purposes, stands, just where electric power did 
ten years ago. It is a parvenu, hardly admitted or 
recognized in good electrical society, but a ** pushing 
young particle" that there is no snubbing or sub- 
duing. Much more recently than ten years ago, I 
was involved in a hot daily newspaper controversy in 
New York, with the object of proving that electric 
power had the ghost of a show ; and now the advo- 
cates of electric heating are similarly put on their 
mettle. The main argument they have to contend 
against is an elaborate formulation of caloric theories 
and lavvs, all going to demonstrate the terrific loss 
and cost of heat units when delivered electrically to 
the man who wants them. 

It is said that, with current sold on the basis of 
twenty cents a kilowatt hour, no business can be done 
in heating, and that, even if the price be cut in two, 
the inducement to possible customers is not great. If 
this were true, the matter of price of current might 
forbid the operation of a single fan motor from cen- 
tral stations. Making a rough calculation of one cent 
per hour for the ordinary fan motor, that is ten 
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cents a day for ten hours steady running, or, say, 
$3 per month or $36 a year. Allowing twelve 
such motors to the horse-power, the local companies 
are selling current to thousands of willing cus- 
tomers in the summer time at the rate of $430 a 
year per horse-power, for a working day of only ten 
hours. Other quotations can be made showing the 
high price got readily for current in small quantities 
from purchasers who are perfectly satisfied with the 
bargain, and find it pays them also very handsomely 
in some element of comfort, pleasure, convenience or 
even economv.. 

A test taken three years ago, for twelve weeks^ of 
current consumed in cooking a dinner of several dishes 
daily for a large number of persons, showed that for 
ninety-seven persons the current fell as low as 307 
watt hours per person. This would make 29,779 watt 
hours, or, in round figures, thirty kilowatt hours. At 
ten cents per kilowatt hour, that means an expense 
of $3 per day, or, say, $90 per month. It will, of 
course, be objected that, in a great many isolated 
plants, the current made on the spot does not cost 
to exceed five cents per kilowatt hour, which would, 
in the building where the test was made, have 
brought the sum down to $45. I have tried to 
get some basis of comparison between this and an 
equal amount of work on a gas-stove or range, for 
an equal number of persons, but it is not easy to 
obtain. In one family I know, which consists of six 
persons, they have been cooking by gas for some five 
years. It costs, with gas at $1.25 per 1,000 cubic 
feet, on an average, $5 to $6 per month, or from 
sixteen to twenty cents per day, or about three and 
one-half cents per head per day. if all are at home 
to every one of the three daily meals, which is far 
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from being the case. If the same expense averaged 
for the ninety-seven persons for three meals daily, 
the outlay for gas in cooking would be between $90 
and $100 per month, or about as much, if my 
figures are approximately right, as electricity would 
cost, if the current were supplied at five cents per 
kilowatt hour. This is certainly a very encouraging 
showing for electricity, but we must not forget that 
central stations do not exhibit much anxiety to sell 
their current at five cents per kilowatt hour, or even 
per horse-power hour, and this is one reason why 
isolated plants have multiplied so tremendously in 
our cities. I might add, as one point of interest, 
that, when the family I mention began to cook 
with gas, it bought a gas-range for $25 and paid 
$2 or $3 more to get it set. The range has worn 
out, and the family is now hiring a good one from 
the local gas company for $3 a year. 

From these crude remarks of mine, it will be 
seen how sadly tentative and experimental the art of 
electric cooking is for most of us ; but is it not the 
duty of the local lighting companies to go into this 
matter and see how far they can foster the new art. 
by introducing the apparatus and furnishing current 
for it cheaply ? Even if the price falls short of $430 
per horse-power per year, for ten hours a day only, 
they should not feel discouraged. 

I have spoken of cooking, but this is but one of 
many fields of usefulness for electric current heating 
supply. Our esteemed ex-president, Mr. J. I. Ayer, 
who has placed at my disposal much interesting data 
that I can not produce here, for lack of time, gives me 
also a variety of information as to work that has 
lately fallen within his sphere of practical attention 
as representative of a large electric heating company. 
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Their work includes a wide extent of shoemaking 
machinery, heated silk-finishing rolls, leather-working 
machinery, 387 curling-iron sets in the dressing rooms 
of the combined Waldorf and Astoria hotels, in 
New York city, seventy-two sets in the Parker 
House, Boston, and apparatus in the Plankinton and 
Pfister hotels, Milwaukee, as well as on the Ameri- 
can line steamers across the Atlantic. It would not 
be fair to omit the 14.000 car heaters installed, of 
one make alone, in the past year and a half. A 
blank-book manufacturer has had in use since 1894 
from thirty-five to forty electric glue pots, and Duryea 
& Co., the starch-makers, are also users of elec- 
tric heat apparatus. In Knabe & Co.'s piano 
factory, at Baltimore, twenty electric heaters have 
recently been placed ; and there is a long list of 
clothing houses throughout the country that use 
electric irons. The same is true of vulcanizers for 
bicycle lire agencies and factories, while irons in 
large numbers have been supplied to State asylums 
in Indiana, Michigan. Wisconsin. Illinois, New York. 
Massachusetts, Maine and Maryland. It is simply 
impossible that all this apparatus should have been 
put in. unless it was economically or practically worth 
while ; and this being so. is not the electric heat 
field one in which the local companies can now 
begin to work with advantage ? Surely, here lies 
opportunity of the largest kind, to help the intro- 
duction of apparatus that must serve as a large 
customer for current at all seasons of the year. 

The subjects I have brought up are perhaps 
inexhaustible, but, in spite of the labor and tax on 
scant leisure involved in collating some of this data. 
I shall be repaid if in the smallest degree a stimulus 

is given to central station work and prosperity. 
29 



434 

I feel sure that whatever remarks I have made will 
be accepted in the spirit that prompts them — one of 
heartiest good wishes for the welfare of the typical 
comprehensive industry of the age — that of the electric 
central station. 



PRESIDENTS INTERIM REPORT 



Dear Sir : When elected president of your 
association, I fully realized that much useful work 
might be accomplished during the interval between 
conventions, and have earnestly endeavored since our 
last annual meeting to initiate and, with the assistance 
of our secretary, to conclude certain matters which I 
am hopeful will be approved of by our members, and 
upon which I now have the honor to report as 
follows : 

RELATIONS BETWEEN MANUFACTURING AND CENTRAL 

STATION COMPANIES 

At our last convention the Committee on Relations 
between Manufacturing and Central Station Companies 
was' discharged, and the executive committee author- 
ized to take such action as might, from time to time, 
be found necessary, in an endeavor to protect its 
active members from having their investments in 
central station companies destroyed, or seriously 
impaired, as a result of ruinous competition, directed 
or fostered by the manufacturing companies. At an 
early period of my administration, such a case arose, 
in a western town, as justified prompt and energetic 
action on the part of your association. After consul- 
tation with the members of the executive committee, 
I placed the views of our association, as to this 
particular case, and as to unwise and unwarranted 
competition in general, before the executive officers 
of the following manufacturing companies : 

Ball Electric Light Company, 
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Brush Electric Company, 

Fort Wayne Electric Corporation, 

General Electric Company, 

Royal Electric Company, 

Siemens & Halske Electric Company, 

Stanley Electric Manufacturing Company, 

Western Electric Company, 

Westinghouse Electric and Manufacturing Company. 

The details of our negotiations, by correspondence 
and in some cases by personal interview, are too 
voluminous to here set forth, but it is with much 
satisfaction that I am able to report that each of these 
companies, with the exception of the Ball Electric 
Light Company, has given favorable consideration to 
the representations made on behalf of your association, 
and I have received, in writing, such satisfactory 
assurances, regarding not only the particular case in 
question, but also as to their future general policy, 
that I am hopeful of good results. Should, however, 
any active member have reasonable cause for com- 
plaint, he should forward full corroborative details to 
our secretary, and the association will take prompt 
and energetic measures, if the circumstances warrant 
such action. 

MUNICIPAL LIGHTING STATISTICS 

Being aware that no recent and reliable statistics 
of the cost of arc lighting in the cities and towns 
were available for use by members of the association, 
I some time since instituted correspondence with the 
municipal authorities of each city and town in the 
United States, with the object of securing from official 
sources and by official authority reliable information 
from each place as to (i) the number of arc lamps, (2) 
their candle power, (3) the hours of burning, (4) the 
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cost per lamp per night. Accompanying this report 
you will receive, in pamphlet form, a preliminary 
bulletin, containing such information from over four 
hundred cities and towns, which list covers a very 
large majority of the principal installations. A supple- 
mentary list, containing similar information in regard 
to places now omitted, is in process of compilation, 
and will be issued to members at an early date. It 
frequently happens that when a contract is to be 
renewed, local papers publish very misleading figures 
concerning prices paid for arc lights in other munici- 
palities, and as these statistics are of the months of 
June and July, 1896, they are reliable and up to date. 

LAWS AFFECTING ELECTRICAL COMPANIES 

We have been in correspondence with the secre- 
taries of state for each of the states in the Union, 
with a view to making arrangements to have regularly 
forwarded to the association copies of all bills intro- 
duced in any state that may deal with the rights of 
electrical companies. I am much pleased to be able 
to report that a large majority of the states have 
acceded to our request, and several have already for- 
warded copies of all bills passed during the past session 
of their legislatures, while others have promised to for- 
ward any that may be introduced during future ses- 
sions. These will all be filed in the secretary's office 
for the sole use and advantage of the members of the 
association. 

REVISION OF CONSTITUTION 

As the only |)rinted copies of the Constitution and 
By-Laws of the association did not contain recent 
additions and amendments, revised copies have been 
published, and may be obtained from the secretary. 
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REPORT OF PROCEEDINGS OF NINETEENTH CONVENTION 

The report of the recent convention held in this 
city is now in the printer's hands, and will be deliv- 
ered to members not later than September ist, next. 
There has been some unavoidable delay, caused by 
speakers at the convention failing to revise the steno- 
graphic copy of their remarks, but, so far as my 
memory serves, it will be issued much in advance of 
previous reports. 

• 

IMPROVED OFFICE FACILITIES 

The office of the association being too small to be 
of service to our members visiting New York, the 
chairman of the finance committee made arrangements 
to rent the adjoining office, with the special object of 
providing a room for the use of our out-of-town mem- 
bers. The office is centrally located in the downtown 
business district. Members can use this room for 
meetings, appointments, etc., and their letters and tele- 
grams can be addressed here. As the records of the 
association are increasing in number, two new book^ 
cases have been provided, and already contain many 
books of reference. 

In conclusion, I wish to bear testimony to the 
zeal of our secretary, without whose enthusiastic 
co-operation it would have been impossible to have 
accomplished so much in so short a time. I also have 
to request that members will aid me, by suggesting 
any action that may promote the welfare and add to 
the usefulness of the association. 

Yours faithfully, 

P'rederic Nicholls, 

President. 
New York, August i, 1896. 



PRESIDENTS INTERIM REPORT, NO. 2 



Dear Sir : I have to advise you that, since issu- 
ing my first Interim Report in August last, the 
officers and executive committee of the association 
have been actively engaged in endeavoring to pro- 
mote the interests of the association and its mem- 
bers. There have been many services performed for 
individual members, which, being more or less of a 
private nature, are not set forth herein, this report 
dealing more directly with the public policy of the 
association and such other matters as may be of 
value to the electric lighting interests in general. 



INCRKASED MEMBERSHIP 

I am pleased to report that a number of new 
members have been added to the roll of the associ- 
ation within the past few weeks, and that the pros- 
pects are that, before our next convention, we shall 
have a larger active membership than at any time 
previous ; and our secretary, who has just returned 
from a visit to a number of central stations, reports 
that an active interest is being taken in the work of 
the association. 



MUNICIPAL LIGHTING STATISTICS 

In August last we issued to members, for confi- 
dential use. a preliminary report of the cost of arc 
lighting in the cities and towns of the United States, 
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and promised a supplementary report at an early date. 
This supplementary report has been incorporated with 
the preliminary one, and the bulletin containing these 
statistics has been compiled with an end to handy 
reference, and is most complete. A copy is herewith 
inclosed. 



REPORT OF COMMITTEE ON DATA 

The most important standing committee of the 
association has been the Committee on Data, and it 
has been a matter of regret that the self-sacrificing 
efforts of its able chairman, Mr. H. M. Swetland, 
have not heretofore met with the support to which 
they were entitled. The information for the guidance 
of the committee was sought to be obtained in the 
past by correspondence and the filling out of blank 
forms, but always with discouraging results. 

This year, with the approval of the executive 
committee, a different course has been adopted. Mr. 
Swetland and myself have had several conferences 
regarding the matter and scope of the report for our 
next convention, and a practical engineer of high 
standing has been retained to personally visit a number 
of central stations in the East and West, and gather 
from first hands the information we have decided 
upon as being necessary. I have this week carefully 
reviewed such portions of the report as have been 
completed, and can promise our members that it will, 
in my opinion, when completed, be the most valuable 
publication yet issued by the association. It will be 
printed in book form, and will, I hope, be ready for 
distribution on or about March ist, next, so that 
members may have ample time to prepare for its dis- 
cussion at the convention. 
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CONSOLIDATION OF LIGHTING AND RAILWAY 

INTERESTS 

While admitting that there is plenty of room for 
widely divergent views as to the benefit, or otherwise, 
to those interested in a consolidation of the National 
Electric Light Association and the American Street 
Railway Association, I considered that the present 
was an opportune time for the discussion of the sub- 
ject, and wrote Mr. H. M. Littell, president of the 
latter association, suggesting a conference. A letter, 
of which the following is a copy, has been received 
from the secretary : 

OFFICE OF 

THE AMERICAN STREET RAILWAY ASSO- 
CIATION. 

2020 State Street, 

** Chicago, September 21st, 1896. 

'•Frederic Nicholls, Esq., 

** President National Electric Light Association, 

** Toronto, Ontario. 

** Dear Sir : The following is an extract from the 
minutes of a special meeting of the executive com- 
mittee of the American Street Railway Association, 
held in New York City, September 9th and loth, 1896 : 

•' *A letter from Mr. Frederic Nicholls, of Toronto. 
Ont., President of the National Electric Light Asso- 
ciation, relating to the matter of the consolidation of 
the two associations, was read, and the secretai^^' was 
instructed to notify Mr. Nicholls that the executive 
committee would be willing to have Mr. Nicholls 
appoint three representatives of the National Electric 
Light Association, engaged exclusively in the lighting 
business, to confer with three representatives of the 
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American Street Railway Association, engaged exclu- 
sively in the street railway business, and that those 
gentlemen consider the siibject fully/ 

** Yours truly, 

(Signed) " T. C. Pennington, 

*' Secretary and Treasurer." 

I have appointed the following active members of 
our association : Mr. W. S. Barstow, Brooklyn, New 
York: Mr. Henry Clay, Philadelphia, Pennsylvania; 
Mr. Chas. E. Scott, Bristol, Pennsylvania, to confer 
with the gentlemen to be appointed by the American 
Street Railway Association. 

LEGAL OPINION REGARDING THE RIGtiTS OF LIGHTING 
COMPANIES TO USE OF STREETS FOR 
OVERHEAD WIRES 

The following request for information was recently 
published in a New York electrical journal : 

** We are having trouble with house movers cutting 
our wires, claiming that they have a right to the high- 
way. Our attorney here does not find any law bear- 
ing directly on this trouble, and we wish to make 
them stop bothering us if the law is with us. Please 
cite us to where we will find cases of this kind decided, 
and any other information relating to same will be 
thankfully received. 

** Yours respectfully, 

*' McPherson Water and Electric Company, 

**J. E. Wright, Manager. 
*' McPherson, Kansas, September 15th, 1896." 

The correspondent was referred by the editor to 
the secretary of the National Electric Light Associa- 
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tion as being the most likely source from which to 
procure the information desired. Although this is one 
of those questions usually considered private, and the 
information sent direct to the inquiring member, I 
have thought that an opinion on the rights of central 
station companies to the use of the streets for the 
purpose of stringing wires would be of interest to our 
members generally, and therefore submit herewith an 
opinion from Mr. Eugene H. Lewis, of the legal firm 
of Messrs. Eaton and Lewis, of this city': 

» 

OPINION 

'1. ■ 

s. » EATON. LAW OFFICES OF "'■°"''» "' '^■''" 

EATON & LEWIS, 
44 Broad Street (Edison Building), 

•*New York, October 2d, 1896. 
" Frederic Nicholls, Esq., 

** Toronto, Canada. 

** Dear Sir: You have requested my opinion as 
to the rights of owners of electric-light wires strung 
along the streets of a city as related to the rights of 
the owners of buildings to move them along the high- 
way and to cut all wires interfering with their progress. 

** It is difficult to give a satisfactory answer to a 
question of this character that would be applicable to 
both cases, as different states have different rules of 
public policy, and in different states the statutes, 
municipal charters and grants differ so widely as to 
render each case independent of others and determin- 
able only upon the facts specially pertaining to it. 

'* My opinion in general is that the moving of a 
building along a highway is not one of the rights 
enjoyable by the general public in a public highway 
for the purpose of travel, and that if a person moves 
a building along or across a highway, he must do it 
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with due regard to the rights of property enjoyed by 
those who are then using the highway for puposes of 
transmitting electricity for power or illumination. 
You will hardly expect me to give my reasons in 
detail for this view, and I will not do more within 
the limits of this letter than to refer you to a few 
cases which have come under my observation bearing 
upon this subject. 

** New York & New Jersey Telephone Company vs. 
Dexhetmer* 

(14, N. J. Law Journal, 295.) 

** In that case telephone wires were stretched across 
the highway in pursuance of the act under which the 
company was incorporated and with the consent of 
the municipal authorities. There was a proviso in the 
charter that the wires should be so located as to in 
no way interfere with the safety or convenience of 
persons traveling on or oyer the roads or highways. 
There was a statute declaring that the use of a public 
street * in any of the incorporated cities or towns of 
this State, shall be subject to such regulations and 
restrictions as may be imposed by the corporate 
authorities of said cities or towns.' The city of 
Orange had adopted an ordinance declaring that 'all 
telegraphic and telephone wires shall be placed so as 
to hang not less than twenty feet above the street 
crossing.' The defendant had a special license to 
move a house along a street, and in moving it he cut 
all the overhanging wires, and in an action by the 
telephone company it was insisted on the part of the 
plaintiff that thirty of these wires were more than 
twenty feet above the street. Judge Depue, of 
the New Jersey Supreme Court, charged the ]\xxy that 
the use of a public highway in moving a building was 
not within the right enjoyable by the public in a public 
highway for the purpose of travel, and that the 
defendant's act was not justified on the ground that 
he was obstructed in the use of the highway for public 
travel. He held, however, that since the defendant 
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had a special license lo move the house, the defendant 
was justified in culling such wires as were maintained 
in violation of ihe city ordinance less than twenty feet 
above the surface, and he left it to the jury to decide 
whether any of the wires that were cut were more 
than twenty feet above the roadway, and to assess 
damages for the cutting of these, and these alone. 

"The case of Williams i>s. Citizens Strecl Railway 
Company (8, Street Railway Journal, 102) arose in 
the State of Indiana, and was decided by the Indiana 
Supreme Court in December, 1891. 

■■ In thai case it appears that a church congregation, 
with the tacit permission of the city council, sought 
to move its edifice across a street occupied by a line 
of street railway, operated by electricity, with the over- 
head wire system. The building being too high to 
pass under the wires, the contractor employed by the 
congregation threatened to cut the wires, relying upon 
the tacit permission of the city and upon the claim 
that the company had forfeited its right in the streets 
by changing its motive power without specific authority. 
In a suit by the company, to enjoin the threatened 
destruction of its property, the point was made by 
the defendants that the court had no jurisdiction to 
control the city council in the e.xercise of its authority 
over the streets. The court, very promptly and 
properly, decided that the authority to determine legal 
controversies concerning personal or property rights 
had not been vested in the common councils of the 
cities of that State; that the failure or refusal of the 
common council to take steps to prevent the injury 
or destruction of the railway property did not pre- 
clude the company from seeking redress in court : 
that no individual could insist that the corporate 
existence of the company had terminated, or that he 
could, at pleasure, confiscate or destroy its property 
in order to move a house across its tracks ; and that, 
although citizens had the right to the ordinary u.se of 
the streets, they could not interrupt traffic or discom- 
mode the public by tearing down street car lines in 
order to remove buildings along the streets. 
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'* In your own city of Toronto, there arose the 
case of Toronto Street Railway vs. Dollery (112, 
Ont. App., 679), in which it was held that a person 
cannot lawfully blockade the tracks of a railway 
company by moving a building. 

** It is true that as far back as 1852, in the case of 
Telegraph Company vs. Wilt (11, American Law 
Journal, 374), it was held that legislative authority 
and municipal license to set up a telegraph line in 
the street, were no defense in an action for injury 
to a house being moved along the street and caught 
by the wires. But that case does not seem to have 
been well considered, nor has it been generally fol- 
lowed by the courts, and it is expressly disapproved 
by Scott & Jarnagin in their works on telegraphs, 
section 53. 

** I have not had time since receiving your request 
to search the decisions of the past three years relat- 
ing to this subject, but, in my opinion, the foregoing 
cases in New Jersey and Indiana are much more 
likely to be followed than the case last referred to. 

** I hope that the views expressed in these few 
lines will avail you for your purpose. 

** Yours truly, 
(Signed) ** Eugene H. Lewis." 



STANDARDIZATION OF INCANDESCENT LAMP SOCKET 

AND BASE 

The question of a standard incandescent lamp 
socket and lamp base has frequently been discussed 
in an informal way at meetings of the association, 
but no effort made to bring together those most 
directly interested. 

Believing that much might be accomplished by 
holding a meeting under neutral auspices, I wrote to 
the manufacturers of sockets and lamps, inquiring if 
they would be willing to attend a meeting to discuss 
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ways and means of endeavoring to solve this difficult 
problem, if such were called by the association. The 
replies received were unanimous in their expressed 
desire to be present at a meeting to be called by the 
association for such a purpose, and I therefore, on 
the 24th ultimo, issued the following notice of 
meeting : 

"New York, September 24th. 

** Dear Sir : I beg to advise you that a meeting 
of manufacturers and central station men, to discuss 
the possibility of standardizing the incandescent lamp 
base and socket, has been called for Friday, October 
9th, commencing at 10.30 a. m. The meeting will 
be held in the rooms of the American Institute of 
Electrical Engineers, which are situated on the tenth 
floor of the Havemeyer Building, 2.6 Cortlandt street, 
corner Church, this city. 

'* I may say that every manufacturer previously 
advised of the intention to hold a meeting has notified 
us of their desire to be represented. 

'* Frederic Nicholls, 

•* President." 

** New York, October 5th, 1896. 

'* While I am doubtful of any direct result towards 
the desired end from this first meeting, I am hopeful 
that we can enter the thin end of the wedge at least, 
and by sustained and persistent effort accomplish 
what we have in view. 

** In conclusion, I have to request that members 
will promptly communicate with our secretary on any 
subject that properly pertains to the business of the 
association, and regarding which they may desire 
information or action. 

"Yours faithfully, 

** Frederic Nicholls, 

•* President." 



PRESIDENT'S INTERIM REPORT NO. 3 



Dear Sir : At the close of my last interim report 
I referred to a meeting of lamp and socket manufac- 
turers that I had called, to be held under the auspices 
of this association, to discuss the question of standard- 
izing the incandescent lamp socket and lamp base, and 
stated : 

*' While I am doubtful of any direct result towards 
the desired end from this first meeting, I am hopeful 
that we can enter the thin end of the wedge, at least, 
and by sustained and persistent effort accomplish what 
we have in view." 

I now have to advise you that a most successful 
and well-attended meeting was held, accounts of which 
appeared in the electrical journals at the time, and 
that at the present good progress is being made, 
although some unexpected difficulties have arisen to 
delay a definite settlement. Late in December the 
National Board of Fire Underwriters, at a meeting 
held in New York City, amended the rule relating to 
sockets to read as follows : 

'* No portion of a lamp socket or lamp base, 
exposed to contact with outside objects, must be 
allowed to come into electrical contact with either of 
the conductors." 

This amendment to the rules of the Fire Under- 
writers makes it necessary that any standard adopted 
should fulfill these requirements, and I prppose calling 
another meeting at an early date, at which the com- 
mittee appointed at the last meeting will report prog- 
ress. 
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REPORT OF COMMITTEE ON DATA 

The report of this committee has been completed, 
and, after having reviewed same, I have no hesitation in 
saying that it will commend itself to the members of 
the association as being the most satisfactory report 
yet issued by this committee. It is now in the 
printer's hands, and will be ready for distribution some 
time prior to our next convention, so that members 
may come prepared to discuss the subject matter of 
the report, and suggest such other features as may 
appear to them advisable to have incorporated in 
future reports of this committee. 



REPORT OF THE COMMITTEE ON INCANDESCENT LAMP 

STANDARDS 

Dr. Louis Bell, chairman of this committee, writes 
me as follows: Answering yours of January 6th, I 
am happy to report that your committee has made 
substantial progress. The matter was taken up with 
the Units and Standards Committee of the American 
Institute of Electrical Engineers, as originally planned, 
and, after much consideration, a final joint meeting 
was held in New York on December i6th last. At the 
next meeting of the American Institute of Electrical 
Engineers* Council, this committee on units and 
standards will lay down its report conjointly with your 
committee and we can then proceed to the practical 
part of the programme. The fundamental (juestion 
taken up by the National Electric Light Association 
and the American Institute of Electrical Engineers* 
committees was the establishment of a standard method 
and apparatus for the measurement of candle power. 
This has been satisfactorily settled, and it now remains 
to arrange for the production of secondary standards 

30 
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(J. e,, standard incandescent lamps to be used for pur- 
poses of comparison), and to draw up specifications for 
a uniform rating of lamps and its ready verification. 
It is the opinion of your committee that this reduction 
to practice of the scientific questions involved would 
be best accomplished by a conference of your com- 
mittee with official representatives of the Institute and 
the lamp manufacturers, so that the final conclusions 
would carry the joint agreement and assent of these 
organizations, and an informal conference will soon 
be held. 



PLANS FOR ESTABLISHING A LAMP-TESTING BUREAU 

Most of our members are aware that your associ- 
ation has been endeavoring to promote the standard- 
ization of sockets and lamp bases, and the letter of 
Dr. Louis Bell, published above, shows that your 
committee has given prompt attention to the impor- 
tant question of standardizing the candle power of 
incandescent lamps, and. in this connection, I append 
hereto a plan for the establishment of a lamp-testing 
bureau, which has been forwarded to me by a mem- 
ber of our association. I shall be glad if every mem- 
ber will carefully consider these suggestions, and write 
me as promptly as possible in regard thereto, setting 
forth his opinion of the merits and demerits of the 
plan, which follows : 

Plans for establishing a lamp-testing bureau, and sug- 

* gestions as to plans which, if agreed upon by 

lamp manufacturers and central stations, would 

7nake the bureau of great value both to the man- 

ufacturer and consumer. 

The proposed bureau to be in charge of an expert 
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employed by the National Electric Light Association, 
and methods of testing to be approved by a majority 
of experts of lamp manufacturers, who agree to abide 
by decisions of the bureau as to quality of product 
and fuliillment of guarantees. 

Any lamp company, whose lamps are being tested 
at the bureau, will be allowed at anv time to investi- 
gate the methods used and the accuracy of standards, 
but to have no access to records of the bureau, 
except as regards tests which have been, or are being, 
made on their own product. 

The expense of maintaining the testing bureau will 
be met by the income of the bureau, as hereinafter 
provided, by certain definite charges for tests made, 
and could also probably be partially met by subscrip- 
tion or definite dues from central stations or other 
consumers, who would signify their intention of avail- 
ing themselves during any year of the services of the 
bureau. 

Lamp companies would be at liberty to guarantee 
their product at as high a standard of quality as they 
see fit, and the province of the bureau would be to 
determine whether such guarantees have or have not 
been fulfilled. Tests will be made bv the bureau on 
guaranteed lamps furnished by any manufacturer, on 
application by the customer, the following conditions 
having been complied with : 

I. Before test is made, the customer ordering the 
test should deposit with the bureau a sum equal to 
the estimated cost of such test at the following rates : 

Initial tests or readings of lamps will be made 
at .... cents per lamp. Tests will be made to 
determine the value of a lamp burned at its marked 
voltage at cents per thousand watt hours. 
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Conditions under which tests will be made are as 
follows : 

1. Not less than twenty lamps will be tested to 
determine the value of any given lot of lamps. 

2. Where the value of any lot of lamps is to be 
determined, not less than two per cent of the entire 
number whose value is to be determined are to be 
furnished the bureau for test in their individual 
unbroken packages (this would only necessitate the 
placing of a seal or label on the wrapper of each 
lamp in such a manner that it must be broken to 
unwrap the lamp) within thirty days after their receipt 
by the customer. 

Note — Where the number of lamps used in a 
year by the customer is comparatively small, so that 
a number of shipments from the manufacturer would 
be required in order that two per cent of the entire 
number should equal twenty lamps, two per cent of 
each shipment may be sent to the bureau within 
thirty days after each shipment, and the test not 
made or ordered by the customer until twenty lamps 
have been received by the bureau, provided that such 
test is ordered within one year from the receipt of 
the samples from the first shipment. 

3. Where tests are requested to determine the 
value of the lamp by burning it at its marked voltage, 
an initial test will first be made on lamps furnished, 
which, as above provided, must represent not less than 
two per cent of the lamps, the value of which is to 
be determined. One-half of these, which most nearly 
represent the average result obtained on the initial 
test, will be burned at their marked voltage until their 
value is determined, in accordance with the guarantee. 
Should any lamp be accidentally broken during the 
test, its place shall be taken by a reserve lamp, which. 
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on initial test, most nearly represents the broken one. 
The average result obtained from the test of these 
samples determines the value of the lamps represented 
by the samples. 

4. The results obtained by tests made by the 
bureau should, by agreement on the part of lamp 
manufacturers and of customers who avail themselves 
of the services of the bureau, be final, claims being 
settled in accordance with its findings, upon a definite 
basis agreed upon between manufacturer and customer. 

In order that the proposed bureau shall be of 
value enough to entitle it to the support of lamp 
companies and their customers, a definite basis of value 
for a lamp should be determined by agreement between 
manufacturers and their customers who are to support 
the bureau. Though lamp companies should be at 
liberty to guarantee their product at as high a stand- 
ard of quality as they see fit, the general lines on 
which such quality is to be determined should be 
agreed upon by all concerned. The 'following basis is, 
herefore. suggested : 

I. The effective life of a lamp is to be considered 
as ending when the lamp reaches some certain percent- 
age of its initial candle-power reading, the value of 
a lamp being determined by the candle hours given 
by burning the lamp at its marked voltage and taking 
readings of candle power at intervals of one hundred 
hours, until the candle power falls to .... per cent of 
its initial-rated candle power at the marked voltage; 
or should the lamp tested burn out before reaching 
.... per cent of its initial candle power, it is credited 
with its actual performance. 

Initial readings should be the secondary, and of 
small value compared to the actual performance of 
the lamp in service, though manufacturers should guar- 
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antee their lamp for an individual variation in candle 
power of not to exceed .... per cent, and an average 
variation of not to exceed .... per cent. Economy 
or watts should allow for an average variation of not 
to exceed .... per cent. 

2. The guarantee to the customer should provide 
that, where the customer requests a test made by the 
bureau, the cost of the test is to be paid, and certain 
penalties observed, as follows : 

If an initial test only is requested, where one 
or more lamps are found outside the guaranteed initial 
range as to candle power, the customer is entitled to 

a per-cent reduction in price of lamps represented 

by the samples fuinished the bureau. If average 
economy is found outside the guaranteed range, the 
customer is entitled to a . . . . per-cent reduction. The 
cost of the above initial test is to be paid by the cus- 
tomer if the lamps are found inside the guarantee, 
and by the manufacturer if found outside. 

Where tests are requested to determine the area, 
or candle hours, an initial test will first be made on 
lamps furnished, which, as hereinbefore provided, must 
represent not less than two per cent of the lamps, the 
value of which is to be determined. One-half of those 
that most nearly represent the average result on 
initial test will be burned at their marked voltage, and 
the candle hours determined. 

The average results obtained from the test of these 
samples determine the value of the lamps represented 
by the samples. Should the average candle hours, or 
area, fall below the guarantee not more than .... per 
cent, the manufacturer shall only pay the cost of the 
test. Should the candle hours, or area, fall more than 
.... per cent and less than .... per cent below the 
guarantee, the customer is entitled to a .... per-cent 
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reduction in price of lamps represented by the lamps 
tested, and the manufacturer to pay the cost of the 
test. Should the average candle hours or area fall 
below the guarantee by more than .... per cent, and 
less than .... per cent, the customer is entitled to a 
.... per-cent reduction in price of lamps, and the 
manufacturer to pay the cost of the test. 

The above percentage of reduction, or penalty, 
to be continued in proportion until the customer 
obtains the lamps (no charge), the manufacturer pay- 
ing the cost of the test. 

Should the average candle hours, or area, be at or 
above the guarantee, the customer shall pay the cost 
of the test. 

As provided, where tests are requested by the 
customer, check should be sent to the bureau before 
the test is made, covering the estimated cost of the 
test. 

Although not an important point, I believe it 
would greatly stimulate advance in quality of lamps, 
to the benefit of both consumer and reputable manu- 
facturers, if every six months the average results of 
all tests made on the product of different manu- 
facturers were published in the electrical journals, 
such results to separate various economies, and placing 
in different classes lamps of voltages from forty-five 
to sixty volts, and lamps from loo to 125 volts; also 
separate results on any test which might be made on 
lamps from 200 to 250 volts. , 



PAPERS TO BE READ AT THE CONVENTION 

I am happy to submit the following list of papers 
to be read at the convention, and the names of the 
authors are a guarantee that the papers to be read 
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will be of a high order of merit. Some of the manu- 
script is already in the hands of the secretary, and, 
depending upon the assurance of the authors that their 
manuscript will be forwarded at an early date, it is 
expected that printed copies of each of the papers 
will be furnished members a reasonable time before 
the date of the convention. 

Bean, W. Worth, St. Joseph and Benton Harbor 
Railway and Light Company. '* Municipal Lighting." 

Gaboon, J. B., Elmira Illuminating Company. 
** Standardizing l^rices for Incandescent Light and 
Power." 

Edgar, C. L., Boston Edison Illuminating Com- 
pany. ** Correct Method for Charging for Product." 

Jewell, W. S., Toledo Traction Comj^ny. "Cost 
of Delivery of Current from Station to Customer." 

Martin, T. C, Editor Electrical Engineer. ''The 
Daylight Work of Central Stations." 

Stillwell, L. B., Cataract Construction Company. 
** Electrical Development at Niagara." 

Thomson, Prof. Elihu, Lynn, Mass. '* Recent 
Progress in Arc Lighting." 

White, J. G., White-Crosby Company. *'The 
Niagara Power Transmission Line." 

Chas. A. Carus-Wilson, Professor, Professor of 
Electrical Engineering at McGill University, Montreal ; 
member Institute Electrical Engineers, New York 
and London. *'The Induction Factor, a New Basis 
of Dynamo Calculation and Classification." 

Wright, Arthur. President Municipal Electrical 

Association, England. '*The Profitable Extension of 

Central Stations." 

Yours faithfully, 

Frederic Nicholls, 

President. 
New York, March 5th, 1897. 



Gewerbl Electric Co. 

ELECTRICAL APPARATUS 

LIQHTINQr" 
POWER 



,,„ RAILWAY 
PURPOSES. 



CENTRAL STATIONS AND ISOLATED PLANTS. 

ARC AND IHOAHDE8CEMT. 

DIRECT CURRENT. ALTERNATIHC CURRENT. 



LAMPS BND MOTORS 

ELECTRIC LICHTIKG SUPPLIES OF ALL KINOS. 

ELECTRIC RAILWAYS. 

GEWRATORS. MOTMtS. CONIROllfRS. SliPPtlCS. 

MILL AND SHOP POWER EQUIPMENTS. 

TRANSMISSION OF POW&R 

OVER LONG DISTANCES. 



Electrical Mining Apparatus. 

lOCOMOtlVtS. HOISIS. VEMIUIOHS. PIMPS. DRIllS. tU. 

WRiTt rom OUR o«taloour«. 

MAIN OFFrCE. SCHENECTADY, N. V. 



M»* Ynrtt. N Y , 
BrrwuH. N. y 

11iiUdal)ihlk.'PB. 
Ltmltad. Tunwio. ( 



SALES OFFICES. 

irwh."?*- i'hiciuc^.'lll 



tMlM,Tu. 



NlStUMmodUBawl>! rniTltn hrpirtmmit flrhranrliilr 



J^ A, B OEBUNeS 

SONS 'c ompany 

MANUFACTURERS OF ELECTRIC LIGHT 

WIRES AND 

CABLES 

OF EVERY DESCRIRTION 

Telephone, Telegraph anil Street Railwajf 
WIRES AND CABLES 



I 



IRON AND STEEL wjREMLs 



Works: TRENTON, N. J 



117 and 119 Liberty Street, MEW YORK 171 Lai 

25 Fretnonl Street, SKK FRAMC1SC0 



I 

e Street. CHtCAGO ^M 



XKHeeton ti'j^°'^° 



OIRCCT-REAOING 
VOLTMETERS 

VOLTAMMETERS 
MILUAMMETERS 
GROUND DETECTORS 
*No CIRCUIT TESTERS 
PORTABLE GALVA- 
NOMETERS 
MILLIVOLTMETERS 
AMMETERS 

OHMMETERS 




Mcstoii Electrical Unstrumcnt Co, 

114-120 WILLIAM STREET 

NEWARK, N. J.. U. S. A. 



Standards of 
Perfection — - 



CHAS. D.SHAIN 

136 LIBERTY STREET 

NEW YORK 

MkHUFACTURiKS' AOENT FOR 

Weston Electrical Inslrument Company 
Electric Protection Company 
Wm. T. Prtngle & Company 

Also Disthibutoh of * Fine Line of 

SPECIALTIES stMo foTBooRi-ET 



A Telescopic Boiler 

Just imagine one which could be 
drawn out at will to any desired size. 
Now suppose you run it " closed up," 
and find that at a certain capacity the 
boiler absorbs the applied heat as 
completely as is practicable. Then 
suddenly you stretch the boiler out, 
increasing its area of heating surface, 
say 25^. Where would you figure any 
increase in capacity would come from ? 
It takes heat to make steam, doesn't 
it — or is it ** heating surface " ? 

The logical end of certain belated 
"heating surface" philosophy is rank 
absurdity — the getting of blood from 
a stone. 

Heine Safety Boiler Co.. 
st. louis, mo. 
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The India Rubber and Gutta-Percha 
Insulating Company 

^ Of, 

HABIRSHAW 

Gk&wood Works Yonken, New York 
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Received the only Medals of Award 
for Rubber-Covered 
Wires and Cables 



Paris. 1867 
Philadelphia, 1876 

World's Fair, 

Chicago, 1893 




Insulated Wires and Cables 



Aerial, 

Underground, 
Submarine, 
Interior, 




KERITE TAPE 



I 



W. R. BRIXEY, Sole ManufacturerJ 
203 BROADWAY, ^EW YORK 



\ 



Southwark foundry and IVIachine Lompany 

PHILADELPHIA, PA. 
soi« M«kef« of ihe Pofter-Alleii Automatic Engine 



.ipyJIW 






belted. .i< 

built vimplr 
m|JODnd. Nnd 






impois ol ihe puichBMr, The ItluMnilion* here itiven rrpmeni : 
irit—K Itotiiontal Tandctn Compoand-CondensiDK Engine. wiUi cylin- 
35 l-'l-iicf II. P., 40' di«m.; L. P., 75' di«m.; boih 66* cirokc. Korm»l 
I- : i'\ oluiiiins pet minute. EconumicAl bone-powci, ),5ao. 

Sfmid~K Vertical Triple-Ex- 
pansion Three-Crank F-tiKlnc. 
driving two 400-K.W, eieciric gen- 
eialors. The cylinders are a> fol- 
l..«s: H.P.. ao*: l.C. io>i'; LP.. 
co' iliam.; all J6* ilroke. Normal 
i[)ecd. IM teviilntlons per minute. 
l>.-.ni>mirol hor»e-po«er 1,06a. 

TE SOLIQT 
INQUIRIES FOR 
ENGINES. AND 
CAN GUARANTEE 
THE BEST 
RESLILTSIN 
STEAM ECONOMY 
REGULATION, 
DURABILITY, 
ETC 




o 



YER HALF MILUON 
HORSE-POVER IN 
USE 



ff 



^^Economy in use of Fuel 
''Increase in Boiler Capacity 
"Prevention of Smoke 



ff 



ff 



The 

Hawlcy 
Down- 
Draft 
Furnaces 



EXCELLENT fcsislts when bcsrning clieap grades of 
slack coaL Our guarantees are higher than those 
made fay any other company^ and every furnace 
sold has exceeded the guarantee* 

Particularly advantageous to Electric Plants, on ac- 
count of afaflity to comply with demands for steam* 

Applicable to all kinds of steam boilers. 

Used in many Government buildings and adopted 
by the United States Government. 

Our Gitaloguet containing cuts showing furnaces 
attached to various styles of boilers, with valuable 
collection of Data for the Engineer, Tables of American 
G>alst etc, etc«, mailed free upon application* 

Give us a trial on one boiler and you wiU adopt 
them for your entire plant* 



THE*** 



HAWLEY DOWN-DRAFT 
FURNACE COMPANY 

MONADN(XK BUILDING 

CHICAGO, U. S. A. 




New VOMH: 39 COflTLANOT STRCCT. 

Boston : T«tcMO*iT BuiLoiNa. 
Cincinnati: 326 WtsT Pearl Strckt. 

PlITSBURaM: TftADCBMEN-B BUILDIMa. 

8t. Louis: Allcn Buildinq. 

BALTIMOnC : MANUFACTURCRB' Rkcord Bloo. 

Paris: Fovcns Fumivorcs Oc Hawlcy, 

1 Rue Rossini. 
Tokyo. Japan : 13 Variyacmo, Hyobashi-Ku. 
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The 


Because 

TE HAVE INSTALLED A 


New England 




GREATER NUMBER OF . . 


Engineering 


CENTRAL STATIONS FOR 

UGHT AND POWER 

THAN ANY OTHER EN- 


Company 


GINEERING COMPANY IN 
AMERICA. IT IS REASON 
ABLE TO SUPPOSE THAT 




OUR EXPERIENCE »Qd AD- 




VICE WILL BE OF VALUE 




Me Stu^? 


WATERBURY, 
CONN. 


THE REQUIREMENT IN . 
EVERY SPECinC CASE . . 




AND ADAPT THE 




MACHINERY AND EQUIP- 




MENT WHICH IS SURE TO 




PRODUCE RESULTS MOST 




aOONOMlCALLY AND . . . 


B. A. Couno. »T(*i»<iit 
B. 3. fuhnton. xcntatr 
B. 9. Sbcpar&Mn. crcunnr 
Id. £. Crane. a>t^b»nuti en«<i>Mt 

TO. 1^. AOrSC. 5up<rt>it(»Miii 


SATISFACTORILY . . YOU 
CAN AT LEAST CORRE- 
SPOND WITH US AND. . 
LEARN ABOUT SOME . . . 
OF OUR MODERN WORK 



fort Ma^ne 
lamp Co.^ 



MANUFACTURERS OF 



ITncanbcscetit 



Xainpe 

CLEVELAND, OHIO 



AN ABSOLUTELY NEW LAMP, MADE BY 

A NEW COMPANY AND IN A 

NEW MANNER 

NO PAINS HAVE BEEN SPARED TO 
PRODUCE THE BEST INCAN- 
DESCENT LAMP 
POSSIBLE 

PRICES ON APPLICATION 

4'I 



GENERAL INCANDESCENT 
ARC LIGHT CO....^^ 



572-578 FIRST AVE., 


. 


NEW YORK 


1V 


BERGMANN 


Z 


LONG=LIEE 


H 


ARC LAMPS 


rK 


"SUN SCHMELZER 


\ y 


NIRENBERG" 


Ni^ 


tMPORTED CARBONS 


*■ 



PIRE DRAWN COPPtR, SWITCHES ,/ SWITCHBOARDS 



ELECTRICAL WORK OF ALL KINDS 



"PARAGON" FANS 

, POWER 
MOTORS 

ELECTRIC 
FANS 

Standard of the 
Iraile 

Quality Highest 

Enameled in all 
Colors 




Special Motors 

lor Special 

Uses 

Cstlmatea Fur- 
J nished Uom 



PRICES 

I owtsi 



J. P, WILLIAMS, «^UIAL A6CM. 

39-41 CorUandt Street, N. Y. 
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THE NATIONAL CONDUIT 
AND CABLE COMPANY 



OtiginsA Manufacturers and Patentees 
of Paper-Insulated Gtbles and Cement- 
Lined Pipes for all Qasses of Electric 
Service^ Electric Railway^ Li^ht and 
Power^ Telephone and TeicgtSLph • • 



AT LEAST THREE-QUARTERS 



of the isadatgtoisnd cables ordered in tlie United 
States during 1896 and 1897 are paper insulated* 
Our strongest indorsement is found in tlie fact 
that our competitors are endeavoring to put 
cheap imitations on the market • • • • BEWARE 
OF INFRINGERS • • • If you want the best, 
or to learn what is the best^ communicate with us 



MAIN OFnCE 



Times Buildings New York 



BRANCHES 
CHICAGO^ Rookery PHILADELPHIA, Betz Bldg. BOSTON, Ames Bldg. 
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